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Rapid habitat loss in the Southeast Asian tropics has resulted in the fragmentation and 
degradation of habitats (‘landscape transformation’) across large landscapes. The future of the 
region’s butterflies depends on how we manage these transformed tropical landscapes. Using 
Singapore as a model system, I compared butterfly extinctions and discoveries between the 
historic (till 1990) and current time period (1990 – 2015). I showed that peak butterfly extinctions 
occurred between 1926 – 1990 that was followed by a slowdown in extinctions after the year 
1990. The majority of species discovered in past 25 years were found to utilize managed 
vegetation and young secondary forest. Then I evaluated the species-habitat relationships of ~ 
94% of resident species using a long-term dataset to show that mature forests are still key for 
butterflies, especially for rare species but forest fragments hold some species not found in 
mature forests. Ordinal regression models with butterfly abundance showed that species with 
narrow habitat breadth, rare larval host plants, narrow global geographic range and many 
congeners were more likely to be rare species. Next, I looked at flower use of 190 species in 
forest and urban habitats and found that 43% of feeding observations in forested sites were on 
non-native flowers. Yet, flower specialists used significantly higher proportions of native flower 
species in their diet than flower generalists and tended to be forest dependent, some of which 
were critically dependent (> 70%) on single native flower species. I then compared the dispersal 
distances of 17 butterfly species across forests and urban habitats. The dispersal distances of 
recaptured species in forests were significantly greater than dispersal distances in urban 
habitats. Recaptures in the urban habitats were nearly restricted to patches of managed 
vegetation and open grasslands, suggesting low inter-patch and inter-plot movements. 
Subsequently, I mapped the distribution of two threatened but urban adapted butterflies in 
Singapore – Common Birdwing (Troides helena cerberus) and Common Rose (Pachliopta 
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aristolochiae asteris) and their shared non-native host plant Aristolochia acuminata. This 
enabled me to identify the source populations of the two species. Generalized linear models 
showed that Common Birdwing had a preference for forest cover and water cover while 
Common Rose preferred managed vegetation cover. Finally, I demonstrated a utilization-
survival tradeoff in an enrichment experiment by placing potted larval host plants in forest and 
urban habitats. Host plant utilization was significantly higher in urban habitats compared to 
forests but egg and larval survival were significantly higher in forest habitats. The overall results 
imply that effective conservation of butterflies in transformed tropical landscapes is not merely 
dependent on the protection of mature forests but also on sustaining key forest fragments. 
Flower specialists will need intervention in terms of the management of their preferred flower 
sources. Dispersal between patches of managed vegetation in urban areas appears to be low 
and that should be addressed by improving landscape connectivity. Finally, habitat enrichment 
strategies for urban dependent species may work best in urban parks adjoining forests that 
optimize the utilization-survival tradeoff.     
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Tropical forests hold 90% of the world’s butterfly diversity (18,000 – 20,000 species; Shields 
1989) and are vital for conserving butterflies. These forests are under immense anthropogenic 
pressure and are undergoing rapid habitat loss (Hansen et al. 2013, Margono et al. 2014). The 
Southeast Asian tropics, which overlaps with four out of 34 world’s biodiversity hotspots 
(Mittermeier et al. 2004) has the highest relative rate of net loss and degradation in the wet 
tropics and half the species in this region are predicted to go extinct by the year 2100 (Achard et 
al. 2002, Brook et al. 2003, Hansen et al. 2013). Massive habitat destruction has transformed 
habitats in Southeast Asia with more than half of the forests in the region now fragmented or 
degraded (‘transformed’; Sodhi et al. 2004, Hansen et al. 2013). Of about 4,000 butterfly 
species found in tropical Asia, the majority are forest dependent and do not seem to adapt well 
to transformed habitat conditions (Koh 2007). Yet, species persist in the region’s many 
transformed landscapes and the conservation value of such landscapes is increasingly being 
recognized (e.g., Dunn 2004). There is no denying that transformed tropical landscapes will 
become increasingly common and the future of Southeast Asia’s many forest dependent 
butterflies depends on how we manage these transformed tropical landscapes.  
 
Impacts of landscape transformation on tropical butterflies 
While impacts of habitat degradation on butterflies can be scale dependent and biased by 
sampling (Hill et al. 2004), robustly designed studies show that butterfly species richness 
decreases with anthropogenic disturbance in the tropics (e.g., Barlow et al. 2007). Another 
component of landscape transformation that affects butterfly community fundamentally is 
fragmentation (Leidner et al. 2010). Smaller fragments have butterfly populations that are more 
adaptable to edge habitats while bigger fragments are able to support rarer and forest dwelling 
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butterflies that are usually absent or die out in small fragments. Population viability is of major 
concern in fragmented habitats with species in fragments having high inbreeding rates 
(Damschen et al. 2008).  Fragmentation affects dispersal, but relatively little is known about the 
spatial structure & dispersal capabilities of tropical butterflies to address the issue of dispersal 
limitedness effectively.  
 
Drivers of butterfly persistence and abundance in transformed landscapes  
Our understanding of the factors underlying the persistence of butterflies in tropical transformed 
landscapes is limited but several factors have been hypothesized for Southeast Asia (Koh 
2007). In my thesis, I examined the following:  
1. Habitat specialization of species 
Butterfly species that have narrow microhabitat requirements are less adaptable and 
thus more susceptible to land use change. Species adaptability is intrinsic and is 
governed by species’ traits (Dennis et al. 2013) such as physiological specialization and 
microhabitat specialization that define the habitat requirements of species (Koh 2007).  
2. Larval host plant abundance and quality 
Larval host plant scarcity is generally assumed to be the most important contributor to 
the lack of butterfly persistence because the distribution of larval host plants often 
defines butterfly distribution (Brues 1920, Ehrlich & Raven 1965) and butterfly biology 
(Dennis et al. 2004, Dennis et al. 2013).     
3. Adult food (nectar) resource abundance and quality  
Adult food resources of a butterfly comprise of nectar and/or non-nectar sources like  
floral nectar, decaying matter, rotting fruits which provide water, sugar and amino acids 
for survival and reproduction. However, I focused only on nectar resource because it is a 
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source of food for a majority of butterfly species. Quality and abundance of adult food 
resource affects fecundity and longevity (Boggs & Gilbert 1979, 1993) and is critical in 
sustaining butterfly populations (Schultz & Dlugosch 1999). Butterflies have been 
observed to lay up to three times more eggs when nectar is abundant (Hill & Pierce 
1989) as it enables the females to spend less time on foraging and invest more on 
oviposition. Food availability also affects the home range of butterflies (Shahabuddin et 
al. 2000). Furthermore, butterflies tend to leave sites that have abundant larval host 
plants but inadequate nectar. For example, Papilio glaucus is known to concentrate egg 
laying in areas of dense nectar plants rather than in areas with more vigorous host 
plants (Grossmuller et al. 1987). Therefore, in cases where a butterfly species has rigid 
microclimatic requirements and is unable to forage outside of its optimal habitat, it is 
likely to be extirpated as small fragments, in spite of having plentiful larval host plants, 
could lack sufficient adult food resources. 
4. Dispersal limitedness 
Dispersal limitedness controls the population dynamics and distribution of insect species 
(Powell et al. 1987).  It also affects the ability of species to colonize novel habitats and 
sustain fragmented populations. A species limited by dispersal would not do well in 
fragmented habitat as a result of inbreeding (Van Dyck et al. 2005) especially if the 
fragment is small and the habitat matrix outside the fragment is inhospitable for species 
to disperse. Establishing a corridor or stepping stones, at the least, would be a good 
strategy to aid dispersal (Haddad et al. 2005).  
5. Predation pressure   
Lepidoptera larvae form a critical food base for tropical forest ecosystems (Janzen 
1988). Predation of Lepidoptera adults and larvae is common which has driven complex 
evolution of mimicry and crypsis, unpalatability etc. in tropical species. However, anti-
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predatory strategies to escape predators in novel habitats may not be as effective as in 
native habitats (Posa et al. 2007, Koh 2007). Yet, larval survival is necessary for the 
persistence of species across landscapes and is an important consideration in designing 
conservation management strategies for butterflies. 
 
The above discussed drivers of species persistence and abundance appear recurrently in my 
thesis chapters. For example, habitat specialization in chapters 1, 2 and 3; larval host plant 
abundance in chapters 1 and 5; nectar plant abundance in chapter 3; dispersal limitedness in 
chapter 4 and predation pressure in chapter 5.   
While habitat specialization is an intrinsic quality of species, the availability and quality of 
larval host and nectar plants can be managed to a large extent by habitat protection and through 
the management of habitats and resources. However, effective management of habitats and 
resources in a landscape is a complex process and one that requires an understanding of 
species ecology, population dynamics and dynamics of resource use – much of which is not 
readily available for the vast majority of the region’s butterflies.   
 
Gaps in butterfly conservation in Southeast Asia and the guiding principles of my 
thesis 
Butterflies are a charismatic and one of the best-studied insect groups in the tropics 
taxonomically and ecologically (Bonebrake et al. 2010b). There is also significant amateur 
interest in butterflies in Southeast Asia. Yet, relatively few systematic studies exist in 
comparison to other tropical areas such as the Australian tropics (New et al. 1995). Most 
butterfly studies in Southeast Asia are short-term (1 – 2 years) and tend to focus on few specific 
themes such as evaluating the impacts of disturbance on butterflies along urban-rural gradients 
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based on the conspicuous tropical families of Papilionidae, Pieridae and Nymphalidae (e.g., Koh 
et al. 2004). A large proportion of butterfly studies from the region also use Nymphalidae as 
model groups (e.g., Hill et al. 2001) to understand vertical stratification and ecology of forest 
gaps (except see Darwin Initiative (2008) that used Nymphalidae butterflies to design tools for 
targeting conservation effort in Bornean forest reserves).  
This general lack of studies has resulted in major gaps in our understanding and 
management capacity of Southeast Asian butterflies. Some gaps that became guiding principles 
of my thesis are summarized here – a) relative lack of long-term studies that evaluate species 
extinctions and persistence in degraded and fragmented landscapes, b) overemphasis on 
common species and few datasets or analyses on rare species, c) relatively few studies on the 
species-rich and extinction-prone families of Lycaenidae and Hesperiidae butterflies, d) no 
synthesis on the nectar ecology of butterflies at the community-level, e) dispersal estimates 
largely limited to few Nymphalidae species based on fruit-bait trap studies and finally, f) a 
paucity of experimental studies on butterfly restoration and enrichment (Koh 2007) despite their 
great potential in conservation.  
 
Study site  
Singapore is a perfect example of a transformed tropical landscape in Southeast Asia and was 
hence, chosen as the focus for all my thesis chapters. Singapore has undergone massive 
habitat destruction since 1819 when Sir Stamford Raffles landed in Singapore, owing to 
agricultural intensification in the 19th century and early 20th century and then to urbanization in 
the mid- 20th century. Only 0.16% of primary lowland dipterocarp forest, 0.5% of freshwater 
marsh and swamp forest and 1.37% of old secondary forest cover now remains (Yee et al. 
2011); natural habitats have been fragmented for over 100 years (Corlett 1992). But a 
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proportion of abandoned agricultural lands have rewilded in the past 70 – 80 years that has 
increased the secondary scrub and forest cover to ~28% of the island area. In addition, 
networks of urban parks and community gardens have been consciously created to expand 
potential habitat for species in the past 25 years (NParks 2015).  Along with turf and other 
managed vegetation, these now cover 27.5% of island area (Yee et al. 2011). The current 
landscape of Singapore is a patchwork of the above habitat types that made it suitable to test 
several key questions relevant to conservation and management of butterflies in such 
landscapes. Broadly these pertain to long-term persistence of butterfly species in several habitat 
types, address resource use and movement patterns across habitat types and where possible, 
address the need to design strategies for species restoration in degraded landscapes.   
 
Overview of chapters  
This thesis is organized into five main chapters and ends with a final conclusion.  
 
Chapter 1 updated the butterfly checklist of Singapore and compare species extinctions and 
discoveries from Singapore between the historic time period (prior to 1990) and the current time 
period (1990 – 2015).  
 
Chapter 2 evaluated the species-habitat relationships and ecological correlates of abundance of 
~ 94% resident butterfly species (281 sp.) in Singapore across four major habitat types (mature 
forests, degraded forests connected to mature forests, degraded forest fragments and isolated 
urban parks), size class of sites (large and small) in Singapore and across abundance groups 




Chapter 3 evaluated the flower specialization of 190 species in Singapore across forest and 
urban habitats by classifying species as flower generalists, intermediates, and specialists. It also 
established ecological correlates that are associated with flower specialization. Finally, this 
chapter investigated diet shifts (expansion or contraction) in species across forest and urban 
habitats.    
 
Chapter 4 compared the dispersal distances of 17 butterfly species across three habitat types: 
mature forest, degraded forest, and urban areas. It also related dispersal with relative mobility 
and wingspan of species.  
 
Chapter 5 mapped the distribution for Common Birdwing (Troides helena cerberus) and 
Common Rose (Pachliopta aristolochiae asteris) species and their shared (and almost 
exclusively used) non-native host plant Aristolochia acuminata in Singapore and identified the 
source populations and habitat preferences of the two species. The chapter also evaluated the 
host plant utilization and juvenile survival based on a host plant enrichment experiment.     
 
I finally conclude my thesis and discuss the findings of my chapters in the context of butterfly 
conservation within the tropics.
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Chapter 1: Butterfly extinctions and discoveries in Singapore: a 
comparison of historic and current time periods 
 
1.1 Introduction 
Tropical forests are major reservoirs of terrestrial biodiversity (Gibson et al. 2011) but face an 
uncertain future due to high levels of ongoing deforestation and habitat degradation (Hansen et 
al. 2013, Margono et al. 2014). Indeed, tropical habitat loss is recognized as a major driver of 
global species extinctions (Brook et al. 2008). During an event of habitat loss, populations can 
undergo immediate extinctions or go through a combination of deterministic and stochastic 
processes that can cause a time lag in extinctions (“extinction debt”; Wearn et al. 2012). 
Species may also go extinct undetected before they could be discovered, particularly in diverse 
tropical communities (e.g., Richling & Bouchet 2013). 
Despite global analyses being undertaken on extinction risks of some taxonomic groups 
(e.g., tropical reptiles and amphibians – Alroy et al. 2015), few studies have explored long-term 
patterns of species extinctions and discoveries in the tropics (e.g., see Basset et al. 2015 on 
Barro Colorado Island). Unsurprisingly, dynamics of species extinctions remain poorly 
understood (Kuussaari et al. 2009) and the extent of undocumented species extinctions 
underexplored even though such occurrences can be expected to be common and widespread 
(Chisholm et al. 2015). Empirical evidence of extinction debt also exists only from a handful of 
studies: primarily from birds (Brooks et al. 1999, Ferraz et al. 2003) and plants (Vellend et al. 
2006). To our knowledge, only one study (using small mammals in Thailand; Gibson et al. 2013) 
has shown evidence of extinction debt in Southeast Asia. Therefore, investigating extinction 
debt is of particular conservation interest in Southeast Asia, where deforestation and forest 
degradation rates are extremely high (Hansen et al. 2013).  
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1.1.1 Deforestation in Singapore and reported catastrophic extinctions 
The tropical island of Singapore has undergone habitat destruction since 1819 (Figure 1.1, 
Corlett 1992, O’Dempsey 2014). Only 0.5% of primary forest, ~ 1.5% of freshwater swamp 
forest and old secondary forest cover now remains (Yee et al. 2011); natural habitats have been 
fragmented for over 100 years (Corlett 1992) and the island continues to face increasing 
anthropogenic pressure (Chong et al. 2014). It should, however, be noted that most known 
extinctions in Singapore were local population extinctions and not global extinctions. The 
majority of species found in Singapore can also be found in Peninsular Malaysia. Therefore, the 
term ‘extinctions’ in this chapter is used in reference to population extinctions from Singapore, 
unless otherwise stated. 
Catastrophic extinctions have been reported from Singapore as a result of the above 
extreme deforestation events (Brook et al. 2003, Turner et al. 1994) with different taxonomic 
groups showing varied proportions of recorded and inferred extinctions. Reptiles and 
amphibians had a majority of extinctions as inferred extinctions (see Appendix S1 for definition); 
plants had high-inferred extinctions but butterflies, birds, and mammals had higher recorded 
extinctions than inferred extinctions (Brook et al. 2003). The proportion of recorded and inferred 
extinctions may be indicative of the sensitivity of a taxonomic group to habitat degradation, 
turnover rate, monitoring effort and extinction debt. Past extinction analyses, however, did not 
directly quantify extinction debt, used too short a time frame for analyses, or inferred extinctions 
on the basis of an incorrect assumption that all lowland forest species of Peninsular Malaysia 
can be found in Singapore (see Appendix 1.S1). Further, a unified pattern of extinction for 
butterflies has so far been untenable as different sources and metrics were used. For example, 
Khew & Neo (1997) based butterfly extinctions on a time scale of 7 years in comparison with 
Corbet & Pendlebury (1956) who used a time scale of 30 years.  
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In addition, the past 25 years have seen a rise in new species discoveries and re-discoveries 
(species previously thought as extinct) from Singapore. These species are new country records 
and not species new to science. Yet, these are worth studying because the habitat utilization of 
these species remains largely unknown and raises important questions about the utility of novel 
habitats that have emerged in Singapore in the past 70 – 80 years. This time period has seen a 
proportion of abandoned cultivated lands turn into young secondary forest and scrubland, which 
has led to an increase in the secondary scrub and forest cover to ~28% of the island area (Yee 
et al. 2011; Figure 1.1). In addition, networks of urban parks and community gardens have been 
consciously created in the past 25 years to expand potential habitat for species (NParks 2015).  
In this chapter, using butterflies as a model taxonomic group, I address the following 
questions – How many species extinctions and discoveries have been observed in Singapore 
from 1990 – 2015 (‘current time period’)? How does this compare with species extinctions and 
discoveries prior to 1990 (‘historic time period’)? I also compare the utility of different vegetation 
types for possibly extinct and discovered species in the current time period. Finally, I compare 
our results on butterflies with birds to understand patterns across taxonomic groups. 
1.2 Methods  
To evaluate the number of extinct and discovered butterfly species recorded from Singapore to 
date, I reviewed the following literature – Corbet & Pendlebury (1956), Fleming (1975), Fleming 
(1991), Corbet & Pendlebury (1992), Ng & Wee (1994), Khew & Neo (1997), Davison et al. 
(2008) and Khew (2010). In addition, butterfly sighting and specimen records were compiled 
since 1997 with the help of ~ 30 local experts from the Butterfly & Insect Group, Nature Society 
(Singapore) and Butterfly Circle Singapore (including A. Jain, C. W. Gan, S. K. Khew).  
The historic butterfly checklist for Singapore (hereafter ‘historic checklist’) was prepared by 
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Corbet & Pendlebury (1956) by compiling records from collectors starting with Sir Alfred Russell 
Wallace who began inventorying butterflies in Singapore from 1834 through the 19th and mid-
20th century. Species in the historic checklist were classified as extinct if they were not recorded 
from Singapore for at least 30 years (Corbet & Pendlebury 1956). After publication of the historic 
checklist, new butterfly discoveries were added by Fleming (1975). Thereafter, Khew & Neo 
(1997) added species based on field surveys from the year 1990 to 1997. Finally, the list of 
extinct and extant species was updated for Singapore Red Data book in 1994 (Ng & Wee 1994) 
and 2008 (Davison et al. 2008).  
For the current butterfly checklist, I classified species as extinct if they were not recorded in 
Singapore over a 25-year time period (1990 – 2015). Comparisons could not be made over a 
30-year period, unlike Corbet & Pendlebury (1956), due to the lack of data from 1985 – 1990. To 
provide an upper limit to the number of extinctions in the past 25 years, species with single 
specimen sightings since the year 1990 and no sighting records in 10 years were classified as 
‘potentially extinct’ species. Species that were sighted regularly (every year in most cases) in 
time and/or space were considered as resident. Vagrants referred to sporadic sightings of one 
to two individuals (in most cases) and in some occasions to ephemeral sightings of individuals 
of a species over a few days from one locality (e.g., Cirrochroa tyche rotundata). The main 
distinction between potentially extinct and vagrant species was that potentially extinct species 
were extant 10 years ago but vagrants were either never recorded before or have been declared 
extinct for greater than 50 years. Previous butterfly checklists in Singapore either did not make 
or made an ambiguous distinction between resident and vagrant species. Therefore, for 
consistency with past checklists, I had to count vagrants and migrants as extant species in the 
extinction analysis. However, I report resident, migrant and vagrant species separately (Table 
1.S1) for the checklist to serve as a potential baseline for future research. Subspecies (e.g., 
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Hypolimnas bolina bolina vs. Hypolimnas bolina jacintha) were not counted as separate 
species.  
To compare butterfly extinctions and discoveries over time, previous checklists were 
corrected with updated taxonomy and past extinctions were corrected for species re-
discoveries. Data on the habitat types (primary and old secondary forest, young secondary 
forest and urban parks) occupied by potentially extinct and discovered species was compiled 
based on butterfly sighting and specimen records since 1997 (A. J. unpublished data). To 
compare extinction trends of butterflies with other taxonomic groups, the number of extinct, 
potentially extinct and discovered species for birds were compiled for the current time period 
(past ~ 25 years) and historic time period based on the first and last records of bird species – 
similar to the dataset used by Chisholm et al. (2015) and in consultation with a local bird expert 
K. R. Sadanandan. Data on land use change in Singapore since 1819 was extracted from 
Corlett (1992) and extended till 2015 using Yee et al. (2011) and NParks (2015; see Figure 1.1). 
This was done to relate land use change with the number of species extinctions and 
discoveries.  
 
1.3 Results  
1.3.1 Butterfly extinctions in 25 years  
I compiled a checklist of 476 butterflies from Singapore that included all known extinct and 
extant (resident, migrant, vagrant and potentially extinct) species from historic records to the 
year 2015 (Table 1.S1, 1.S2). In the last 25 years (1990 – 2015), 145 species were never 
sighted and thus confirmed extinct. Of the 330 species that persist (extant species), 9 had single 
specimen sightings since 1990 and were not sighted at all in the past 10 years, and were thus 
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believed to be potentially extinct; 296 were resident, 1 was seasonal migrant and 24 were 
vagrant (Table 1.S1). As an upper bound for extinctions by 2015, if the 9 potentially extinct 
species were also considered extinct, 154 butterfly species could have been extinct by 2015 
(Figure 1.1) implying a potential extinction rate of < 0.36 extinctions per year since 1990. A 
majority (8/9 sp.) of the potentially extinct species in Singapore was restricted to mature forests 
(primary and old secondary forests; Figure 1.2). Species of family Lycaenidae and Hesperiidae 
suffered the most number of extinctions (Table 1.S2).  
 
1.3.2 Butterfly extinctions before 1990  
Corbet & Pendlebury (1956) reported 59 out of 390 butterfly species as extinct in Singapore; 
however, 23 of these have since been rediscovered. Therefore, 36 species have not been 
sighted since 1926 (30 years prior to 1956; Figure 1.1). Khew & Neo (1997) had suggested 205 
species extinctions as a result of surveys from 1990 – 1997, of which 60 species have been 
rediscovered. Therefore, the actual number of extinctions in 1990 was no more than 145 (Table 
1.S2). The majority of butterfly extinctions (109 sp. = 145 – 36 sp.) in Singapore occurred from 






Figure 1.1 Land use change and the number of butterfly species in Singapore from 1819 
– 2015. Percentage of land use change from 1819 – 1990 were extracted with permission from 
Corlett (1992) and extended till 2015 using Yee et al. (2011) and NParks (2015). Agricultural 
land included tree crops such as rubber; Managed vegetation included parks, gardens, and turf. 
The land use area under each habitat type was calculated by the area between any of the two 
land use lines marked in gray. Species were defined as extinct in 1956 if they were not recorded 
for 30 years (shown in gray rectangle) by Corbet & Pendlebury (1956). Thirty-six and 145 
butterfly species were not recorded since 1926 and 1990 respectively – represented by the blue 
line. Nine species could be additionally (‘potentially’) extinct in past 25 years. An increase in the 
number of extinct & extant species was due to new discoveries and re-discoveries since 1956. 
Fleming (1975) and Fleming (1991) added new discoveries till 1975. All the lines (extinct, extant, 




1.3.3 Butterfly discoveries and re-discoveries in the last 25 years 
One hundred and thirteen species were discovered during the time period 1990 – 2015 implying 
the rates of species discovery in past 25 years as 4.48 discoveries per year. Of the 112 
discoveries, 49 were new discoveries and 63 were re-discoveries. Fifteen new discoveries and 3 
rediscoveries were made from 1990 – 1997 (Khew & Neo 1997) whereas 34 new discoveries 
(Table 1.S4) and 60 rediscoveries (Table 1.S5) were made from 1997 – 2015. It was noteworthy 
that unlike plants where part of the increase in species numbers was a result of taxonomic splits 
(see Leong-Skornickova & Boyce 2015), the majority of new discoveries and rediscoveries for 
butterflies in Singapore were descriptions of novel taxa and not a nomenclature artifact.  
Interestingly, 15 of the 34 new discoveries and 52 of the 60 rediscovered species since 
1997 were cryptic in nature. The majority of rediscovered cryptic species belonged to the family 
Lycaenidae (53% or 27/52 sp.) and Hesperiidae (33% or 17/52 sp.). Forty-eight percent (15/31 
sp.) of the newly discovered were found to utilize urban parks in Singapore (Figure 1.2). Of 
these 15 species found in urban parks, 5 were vagrants, 5 were newly established migrants 
(now residents) that were also edge species; 3 species were possibly also found in mature 
forest but not recorded yet because they were cryptic.   
 
1.3.4 Comparison of bird and butterfly extinctions and discoveries  
In ~ 65 years prior to 1985 (for birds) or 1990 (for butterflies), similar proportions of birds (22%) 
went extinct as butterflies (23%; Table 1.1). The number of potential extinctions for birds (2%) 
and butterflies (2.5%) were also similar after 1985 (for birds) or after 1990 (for butterflies). 
However, the number of discoveries and rediscoveries for birds (6.5%) were much lower than 





Figure 1.2 Distribution of re-discovered, newly discovered and potentially extinct 
butterfly species in Singapore since 1997. Species are classified according to the habitat 
types in which they were recorded. See Table 1.S3, Table 1.S4, and Table 1.S5 for detailed list 
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Table 1.1 Species extinctions and discoveries in Singapore for birds and butterflies. Potential extinctions were defined as 
single specimen records in the past 25 or 30 years and no sighting/record for past 10 years 
 



















Butterflies  475 1926 –1990 64 109 (23%) 1.7  1990 –2015 25 9 (2%) 0.36 112 (24%) 4.48 






1.4 Discussion  
1.4.1 Land use change, undetected extinctions, and extinction debts  
Nearly 90% of primary forests in Singapore were cleared during the 19th century but a large 
proportion (70%) of Singapore remained covered with scrub and secondary forest (Figure 1.1). 
Between 1900 – 1920’s, the growth of rubber and pineapple cultivation and rising urbanization 
further reduced the primary forest cover to just 0.5% and scrub and secondary forest cover to 
25% of Singapore’s land area. These massive deforestation events that lasted for over 100 
years (1819 – 1920s), however, only led to 36 documented extinctions for butterflies (this study) 
and 10 documented extinctions for birds (Chisholm et al. 2015) – a rather moderate loss of 
species and certainly not in proportion to the amount of forest lost. This seems to suggest that 
there may be many undetected bird and butterfly extinctions from 1819 – 1920s due to 
insufficient inventorying efforts in the earlier years. However, Chisholm et al. (2015) report only 
~ 5 undetected bird extinctions in Singapore from 1819 – 1920s. Inventorying of birds in 
Singapore began in 1819 – from the time when deforestation had started (Chisholm et al. 2015). 
But inventorying for other taxonomic groups started much later: butterflies since 1834 (Corbet & 
Pendlebury 1992) and plants since 1880 (Corlett 1992). Hence, groups other than birds may 
have greater undetected extinctions and real extinctions could have exceeded documented 
extinctions substantially. However, data from plants (Turner et al. 1994) suggests that because 
the documented plant species diversity from Singapore in 1880 was still comparable to that 
recorded from forests of similar area in the region, few undetected plant extinctions could have 
happened. Between birds and butterflies, our results show a key difference: the rate of species 
discovery was much greater for butterflies than for birds in the current time period. A greater 
number of butterfly discoveries and rediscoveries suggest poor-quality historic baseline for 
butterflies implying that undetected extinctions for butterflies may be higher than birds. Owing to 
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potential differences in undetected extinctions across taxonomic groups, more research is 
needed to calculate undetected extinctions for butterflies and other groups – similar to Chisholm 
et al. (2015), so that the contribution of undetected extinctions can be quantified across time 
periods. 
An alternative explanation to few documented extinctions from 1819 – 1920s and one 
not explored so far in past studies, is the possibility of a time lag in extinctions such that species 
may be below their extinction threshold till the 1920s and further habitat loss or loss of 
connectivity after 1920s would have lead to population collapse beyond recovery. Over the next 
64 years (1926 – 1990), massive butterfly extinctions (109 sp.) were recorded at 1.7 species 
extinctions per year despite that scrub and secondary forest cover remained nearly constant in 
area (though habitat quality must have improved with age) and managed vegetation cover 
increased. This could have happened due to 3 reasons – i) the conversion of ~ 60% of land 
area of Singapore from rubber plantations to dense urban habitat, which may have led to 
species extinctions due to loss of suitable habitat, loss of habitat connectivity or both. Urban 
habitats hold lower species diversity than rubber plantations (Yi et al. 2014) and also have less 
permeability to forest species than rubber plantations, which could have reduced the 
connectivity of remaining forest patches, ii) higher number of detected extinctions during 1926 – 
1990 may be indicative of greater inventorying efforts and therefore, lower undetected 
extinctions compared to years prior to 1926. However, this explanation cannot explain such a 
large difference in detected extinctions till 1926 and between 1926 - 1990 and, iii) extinctions 
were realized after 1926 as a result of previous time lag in extinctions. 
1.4.2 Slowdown in species extinctions since 1990  
Only 9 potential butterfly extinctions recorded since 1990 which suggests that delayed 
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extinctions were not likely to be observed after 1990 or were considerably slowed (0.36 
extinctions per year) implying that the extinction debts for Singapore butterflies were likely paid 
off prior to the year 1990. A similar trend of extinctions was observed in birds: high extinction 
rates from 1920 – 1985 (0.68 extinctions per year) followed by a slowdown in extinctions from 
1985 – 2015 (0.17 extinctions per year).  
The observed slowdown in the past 25 years (for butterflies) or 30 years (for birds) may be 
representative of signs of recovery as secondary forests in Singapore have aged, managed 
vegetation cover (urban parks) has increased and forests benefit from increased connectivity by 
park connectors. A large number of discovered species were also found to utilize secondary 
forests and urban parks as potential habitat suggesting the utility of these novel habitats to 
butterflies.  
We should, however, interpret the results of slowdown with caution because signs of habitat 
recovery could be an artifact of the lengthening of extinction debts across taxonomic groups. 
Extinction debts have been reported to be particularly high (i.e. several decades long) if a 
landscape retains large habitat patches and high connectivity after severe habitat loss (Brooks 
et al. 1999, Ferraz et al. 2003).  In such a case, populations may be just below their extinction 
threshold and any further habitat loss or loss of connectivity, may lead to population collapse 
beyond recovery. Sadanandan & Rheindt (2015) recently showed that the genetic diversity of 
the Short-tailed Babbler (Pellorneum malaccense) in the highly fragmented landscape of 
Singapore has reached < 20% of the intra-population genetic diversity of birds found in intact 
forests of Borneo. Species with low genetic diversity may be particularly vulnerable because 
climate change can add to other drivers of population decline such as extinction debt and have 
synergistic (negative) effects (Thomas et al. 2004). Increasing use of pesticides in urban areas 
may also have long-term detrimental impacts on butterflies and other insects (Muratet & 
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Fontaine 2015) that can potentially alter their extinction debts. In addition, because butterflies 
are critically dependent on their larval host plants and nectar plants, some of which can be slow-
growing trees, large extinction debts of plants (Vellend et al. 2006) may have cascading impacts 
on butterflies at both the larval and adult nectarivorous stage. 
Greater survey effort in the current time period would have lead to better monitoring of 
previously overlooked cryptic taxa. This could have further reduced the number of undetected 
extinctions. However, the rate of species discovery between 1956 and 1975 (1.89 
discoveries/year) and 1990 – 2015 (1.96 discoveries/year) were comparable implying that 
reduced extinctions from 1990 – 2015 were likely to be real signs of habitat recovery rather than 
an artifact of survey effort. 
 
1.4.3 Need for long-term inventorying and monitoring  
This chapter shows that long-term monitoring is absolutely critical in uncovering species 
extinction trends that can help identify signs of recovery and/or taxonomic groups in need of 
greater conservation attention. Long-term monitoring should, therefore, allow for the detection of 
early warning signals, such as a transient excess of rare species in the community during the 
payment of extinction debt (Hanski & Ovaskainen 2002) and conservation attention must be 
directed to such groups.  
Long-term inventorying is also necessary to uncover patterns in species discovery. 
Singapore has one of the best-studied bird (Chisholm et al. 2015) and butterfly (this study, Khew 
2010) faunas in the tropics. Yet, a large number of new discoveries and re-discoveries in the 
past 25 years suggest that well studied tropical areas such as Singapore may still have several 
undiscovered species, especially cryptic species. Some recently discovered species may also 
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be the subject of past misidentification by museums, which is not uncommon (Chong et al. 
2012, Goodwin et al. 2015). However, most discoveries and rediscoveries from Singapore can 
be attributed to greater observer effort in inventorying, specimen collecting and photographic 
documentation with citizen scientists’ engagement. Interest in butterfly inventorying is evident in 
Singapore from the available resources: two butterfly field-guides (Gan & Chan 2008, Khew 
2010), a caterpillar field-guide (Tan & Khew 2012), a mobile butterfly identification app with > 
5,000 downloads (NSS iPhone App 2012) and a popular butterfly blog 
(www.butterflycircle.blogspot.sg) with > 1.45 million views since 2004. However, a commitment 
to establishing a library with extensive butterfly specimens and making voucher specimens 
accessible for taxonomic work and a plan to incorporate genomic data in butterfly conservation 
is necessary (pers. comm. with local entomologists). As observed in this chapter, species 
detection rates have been known to show peaks and troughs at local scales that tend to be 
associated with the monitoring activities of experts or funding events (Chisholm et al. 2015). A 
collaborative approach to monitoring species involving experts and committed citizen scientists 
seems to be the way forward to maintain public interest and therefore, sustain high detection 
rates of species in highly biodiverse tropical regions like Singapore.  
 
1.5 Conclusions 
This chapter provides a comparison of butterfly extinctions and discoveries between the historic 
(prior to the year 1990) and the current (1990 – 2015) time period. I show that detected butterfly 
extinctions prior to 1926 were low; butterfly extinctions peaked from 1926 – 1990 which may be 
due to a combination of factors: conversion of agricultural lands (rubber) to urban habitats, lower 
undetected extinctions (compared with pre- 1926 time period) and/or extinction debt payoffs. 
During the current time period, a slowdown in extinctions was observed which may be due to 
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habitat recovery, lower undetected extinctions (compared with pre- 1990 time period) and/or 
previously paid off extinction debts. Even though similar trends were observed for birds, we 
remain cautious because extinction debts may be lengthened and still ongoing. The current time 
period also led to a number of butterfly discoveries and re-discoveries; many of these species 
utilize areas of managed vegetation. A slowdown in extinctions and high utilization of novel 
habitats by discovered species present a window of conservation opportunity to restore habitats 
and increase habitat connectivity with patches of managed vegetation. Overall, important 
lessons can be drawn from long-term species extinction and discovery trends from Singapore, 




Chapter 2: Species-habitat relationships and ecological correlates of 
tropical butterfly abundance  
 
A modified version of this chapter is under review in Biotropica:   
Jain, A., Lim, F. K. S. and Webb, E. L. Species-habitat relationships and ecological correlates of 
butterfly abundance in a transformed tropical landscape. 
 
2.1 Introduction  
Tropical rainforests hold 90% of the world’s butterfly diversity (Shields 1989) and are therefore 
vital for conserving butterflies. In mainland and insular Southeast Asia, where rates of tropical 
forest loss are among the highest in the world (Hansen et al. 2013, Margono et al. 2014), the 
future of many forest-dependent butterfly species in this region remains precarious. Tropical 
insects also tend to have patchily distributed populations (e.g., New ed. 1993, Spitzer et al. 
1997), so habitat degradation and fragmentation (“landscape transformation”) may result in 
localized extirpation, or relict populations of forest insects (Clausnitzer et al. 2009).  
Species traits, ecological strategies and habitat quality are known to affect species-
habitat relationships (Dennis et al. 2004; Koh & Sodhi 2004; Dennis et al. 2013), and are, 
therefore, imporant in determining butterfly persistence in transformed landscapes. Research 
has revealed that a self-compatible breeding system, large body size, high dispersal ability, and 
competitive or ruderal larval host plants are key traits associated with temperate butterfly 
commonness and life history strategies (Hodgson 1993; Dennis et al. 2004). Yet, little is known 
about the drivers of butterfly persistence and abundance in tropical transformed landscapes, 
although for Southeast Asia, it has been hypothesized that larval host plant specificity and forest 
specialization are of central importance (Koh 2007). 
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It is recognized that effective conservation strategies need to incorporate the maximum number 
of species in a landscape so as to avoid prescriptions that are biased towards common, easily-
observed species (Margules & Pressey 2000). Yet, conservation and management 
recommendations for butterflies in Southeast Asia are often constrained to the most common 
species (e.g., Koh & Sodhi 2004), with the exception of a few charismatic birdwing species that 
are threatened by insect trade (pers. comm. Phon, C-K, Forest Research Institute Malaysia). 
This is because a principal constraint to incorporating rare species in conservation assessments 
is gathering sufficient data. Although several studies have investigated the impact of landscape 
transformation on tropical butterfly communities (e.g., Hill et al. 2004, Koh & Sodhi 2004, 
Bonebrake et al. 2010), most have only evaluated common species that tend to have poor 
overlap with the geographical distribution of rare species (Prendergast et al. 1993). Two 
particularly important but uncommon species-rich families in Southeast Asia, the Lycaenidae 
and Hesperiidae, have often not been included in most butterfly conservation assessments (e.g. 
Darwin Initiative 2008, but see Cleary 2003).  
Rare species may be more likely to be extirpated or suffer further declines with 
fragmentation and degradation because they are more likely to experience demographic 
stochasticity (Ovaskainen & Meerson 2010, Zhang et al. 2015), tend to have specific 
characteristics that may consistently cause species to become rare (Gomulkeiwicz 1998), have 
traits that can synergistically interact with landscape tranformation (Davies et al. 2004), and are 
likely to be habitat specialists thereby being more susceptible to traverse an inter-fragment 
matrix (Schultz et al. 2008, Dennis et al. 2013). It is, therefore, of critical importance to include 
rare species in the context of landscape transformation in Southeast Asia. 
In this chapter, I evaluate species-habitat relationships of 281 butterfly species (~94% of 
extant species) in a transformed tropical landscape in Singapore. This chapter had three 
objectives. First, I contrasted species-habitat relationships across species abundance groups 
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(common, intermediate, rare) to evaluate which abundance groups were most impacted by 
landscape transformation in terms of species persistence and reduction in abundance. I 
hypothesized that rare species would be most impacted, with common species least impacted. 
Second, I evaluated species-habitat relationships across size class of sites to evaluate whether 
large or small sites differed in butterfly diversity, and therefore contribution to butterfly 
conservation; here the hypothesis was that large sites would harbour a greater diversity of 
species. Finally, I identified how species abundance and commonness relate to ecological 
correlates, such as species traits and larval host plant characteristics, across habitat types. 
Based on previous research (Koh et al. 2004, Koh 2007), I hypothesized that habitat 
specialization and larval host plant specificity would be associated with species abundance and 




2.2.1 Butterfly sampling and data processing 
This study used a dataset derived from butterfly abundance surveys conducted using transect 
walks by local butterfly experts (including A.J.) over a 20-year period (1994 – 2014). The survey 
effort at each site was quantified in terms of sampling days, with an average of 3 survey hours 
spent per sampling day under fair weather (no rain) and between 10:00 and 15:00 hours. 
Transects of length 1 - 2 km were walked at each site on each sampling day and butterflies 
were recorded within 2.5 m on both sides of the transect. When necessary, individuals were 
caught using an insect net – identified and/or photographed and released. Individuals that could 
not be identified in flight were recorded as unknown and removed from subsequent analyses – 
these made up < 5% of the total butterflies observed. In total, observations were of 25,019 
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individuals of 281 butterfly species (94% of extant species) across 22 sites in Singapore (Table 
2.1, see Appendix 2.S1 for site description). More than 80% of the survey records were from 
observations in years 2010 – 2014, and I used records from 1994 –2009 from sites that had not 
visibly changed over the entire study period (determined on site and by remote sensing, Yee & 
Tan 2010). The total sampling effort at a site ranged from 20 hours (7 sampling days) to 237 
hours (71 sampling days, Table 2.1) owing to differences in area, accessibility and popularity of 
sites. Sampling was carried out throughout the year (Table 2.S2). 
 
2.2.2 Habitat and size classification 
Sites were classified into four habitat types based on a previously published vegetation map of 
Singapore (Yee et al. 2011): mature forests, degraded forests connected to mature forests 
(hereafter ‘degraded forest’), degraded forest fragments (‘fragments’), and urban isolated parks 
(‘urban parks’). Mature forests included primary dipterocarp forests, freshwater swamp forests 
and old secondary forests. Degraded forests included young secondary forest and scrubland 
adjacent to and connected with mature forest. Forest fragments were similar to degraded forest 
in vegetation characteristics, as verified by satellite imagery and ground truthing (Yee et al. 
2011) but were not connected to any mature forest for more than 50 years, with the exception of 
one site that contained 6 ha of mature forest (site F8, Table 1). Mangroves were classified as 
forest fragments owing to their small patch sizes. Urban parks mostly comprised of managed 
vegetation consisting of native and non-native ornamental plants.  
 
Sites were aggregated into two classes, large (≥400 ha, n = 3) and small (< 400 ha, n = 19). 
Three large sites when aggregated together were 1364 ha, and 19 small sites had an aggregate 
area of 1392 ha.  
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I did not compile data on temperature and humidity across sites because these variables 
are known to be correlated with habitat types (Koh & Sodhi 2004, Thomson et al. 2007). 
Moreoever, lack of data on seasonality of Southeast Asian butterflies makes it difficult to 
disentangle effects of seasonality with site and habitat variations.  
 
2.2.3 Data processing  
Of the total 281 species in the data set, my experience suggested that 89 species in 17 
genera could be confused with similar-looking species within the same genus. To avoid/reduce 
misidentification of individuals, similar looking species within each of these 17 genera were 
consolidated to create a single “morphospecies” representative of that genus (in the families 
Pieridae, Nymphalidae, Lycadnidae and Hesperiidae, Table 2.S1) – an approach shown to be 
useful when characterizing species-habitat relationships for invertebrate taxa (Oliver & Beattie 
2002). The final dataset contained 209 butterfly species, i.e. 192 species and 17 morphospecies 
across all 6 butterfly families. This data set included 35 of the 48 threatened and data deficient 
species found in Singapore (Table 2.S1).  
Species richness, diversity and community evenness were compared across habitat 
types and between large and small sites. Sample-based rarefied species accumulation, 
species-individual, and rank abundance curves were generated to investigate the similarity and 
dissimilarty between and within habitat types. Non-metric multidimensional scaling (NMDS) plots 
were constructed using Bray-Curtis dissimilarity to identify potential clustering of sites based on 
the presence or absence of butterfly species. These analyses were conducted using the ‘vegan’ 
package of R (Oksanen et al.  2015).  
Because sampling effort differed across sites, habitat types and size classes, data were 
normalized for each analysis. When comparing species richness across habitat types, data 
were normalized by drawing multiple random sub-samples (1000 iterations) from the abundance 
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dataset for each habitat type to create sub-samples standardized at 97 days – the minimum 
sampling effort across any habitat type. Similarly, when comparing richness between large and 
small sites, sub-samples were standardized at 148 days – the minimum sampling effort between 
size class. Across sites, sub-samples were standardized at 7 sampling days—the minimum 




Table 2.1 List of sites used for species-habitat relationships analysis. Habitat type, site 
characteristics, sampling effort and total species observed at each site are also listed 

















MacRitchie and Lornie 
forest M1 Mature Large 484 71 10 155 0 
Nee Soon mature forest M2 Mature Large 480 57 8 159 0 
Bukit Timah Nature 
Reserve M3 Mature Small 100 25 3 115 0 
Mandai Asrama forest 
and zoo D1 Degraded Small 157 18 2 102 0 
Chestnut forest D2 Degraded Small 92 18 2 104 0 
Nee Soon degraded 
forest  D3 Degraded Small 67 8 1 42 0 
Senapang and Rifle 
Range forest D4 Degraded Small 60 27 3 96 0 
Windsor forest D5 Degraded Small 50 11 1 45 0 
Dairy Farm forest D6 Degraded Small 40 17 2 78 0 
Pulau Ubin  F1 Fragment Large 400 20 2 111 13 
Bukit Brown cemetery 
forest and park F2 Fragment Small 233 7 1 49 0.35 
Sungei Buloh wetland 
and Kranji marsh F3 Fragment Small 130 9 1 54 8 
Mount Faber and Telok 
Blangah hill park F4 Fragment Small 90 15 2 81 6.25 
Pasir Ris park  F5 Fragment Small 71 16 2 57 13.3 
Holland woods F6 Fragment Small 66 9 1 56 1.95 
Sentosa forest F7 Fragment Small 62 12 1 71 8.68 
Botanic Gardens and 
Tyersall forest  F8 Fragment Small 50 9 1 74 2.72 
Bukit Timah urban park  U1 Urban Small 32 17 2 46 1.08 
Nee Soon urban park  U2 Urban Small 32 12 1 49 0.32 
MacRitchie urban park  U3 Urban Small 32 14 2 44 0.2 
Fort Canning park U4 Urban Small 18 39 5 45 5.45 
Penang Road, Istana and 
Dhoby Ghaut Park U5 Urban Small 10 64 9 45 4.98 
Total  22   2756 495 62 209  
 
* Abbreviation: Mature = Mature forest, Degraded = Degraded forest connected to mature forest, Fragment = 
Degraded forest fragment and Urban = Isolated urban park.  
** Distance to mature forest  







2.2.4 Abundance, threat and habitat classes for butterflies 
Butterfly abundance values were summed across all surveys and sites (495 survey days) to 
derive an aggregated abundance value for each species. Species with more than 80 individuals 
were categorized as ‘Common’, 20 – 80 individuals were ‘Intermediate’, and < 20 individuals 
were ‘Rare’. My abundance classification was in accordance with local experts’ classification 
(Khew 2010) for 96% of common species, 94% of intermediate species and 84% of rare 
species. Threat class was based on the Singapore Red Data Book (Davison et al. 2008, see 
Appendix 2.S2 for details). Habitat specialization of butterflies was based on two mutually 
exclusive categories of habitat use defined by Khew (2010). Species found only in forests or 
mangroves were considered as forest restricted species. Species that utilized parks, gardens or 
urban areas were called urban-adapted species. Species restricted to only one habitat type 
were called habitat-restricted species.  
 
2.2.5 Ecological correlates of butterfly species  
Twelve potential ecological correlates were compiled for each buttterfly species based on their 
biological relevance with butterfly abudance (Table 2.2). The correlates related to habitat 
requirements, larval host plant use, dispersal (mobility, wingspan), predation 
(conspicuousness), life-history traits (such as larval gregariousness), evolutionary pressure 
(congener density) and flight height (see Table 2.2, Table 2.S3 for complete list). Where 
possible, correlates were compiled using local datasets and using local expert knowledge. I 
could not measure larval host plant abundance at the study sites, even though it is a biologically 
important parameter in explaining butterfly abundance (Schultz and Dlugosch 1999). Instead, I 
used inferred abundance of larval host plants across Singapore (see Table 2.2). Congener 
density was included to account for phylogenetic relatedness of species at the 
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Table 2.2 Habitat characteristics and ecological variables analyzed in this chapter. See Table 2.S2 for additional description 
and references used in this table 
 
Variables Type Description 
Habitat type Categorical Derived from the previously published vegetation map of Singapore 
Site area (ha) Continuous Calculated in hectares using NParks database and verified in Google Earth.  
Distance from forest (km) Continuous Distance from the edge of each site to nearest continuous mature forest  
Habitat specialization Binary Forest restricted (1) or urban adapted (0) based on habitat use of butterflies in Singapore 
Larval host plant abundance class Ordinal  
Averaged inferred abundance (inferred by Chong et al. 2009) of larval host plants for known host genera and families in Singapore. 
Host plant abundance classified as common (if common, naturalized, cultivated, weed of uncertain origin), intermediate (if not common 
or threatened) or rare (if threatened) 
Number of larval host plant genera  Continuous Compiled from local host plant published and unpublished records, and verified with local butterfly experts 
Larval host plant specificity Ordinal If larvae fed on 1 host plant genus (Monophagous), fed on several genera within 1 plant family (Oligophagous), fed on several genera belonging to several plant families (Polyphagous) 
Wingspan (mm) Continuous Mean forewing length averaged between sexes of each species.  
Mobility  Continuous Relative flight mobility of each species ranked on scale of 1 – 10 where ‘1’: sedentary species and ‘10’: extremely mobile species.  
Sexual dichromatism  Ordinal Percentage difference in pattern and color of the upper side of both pairs of wings between sexes visually estimated (by L. P. Koh) as low, medium or high 
Adult conspicuousness  Ordinal Proportion of black, brown or grey on the upper side of both pairs of wings visually estimated (by L. P. Koh) as low, moderate or high 
Global geographic range  Ordinal Narrow (restricted to Sundaland), moderate (restricted to Oriental region), wide (Oriental region and beyond) 
Larval gregariousness Ordinal Larval group behaviour whether gregarious (social, value = '1') or not (solitary, value = '0') 
Congener density  Count Number of congeners in a genus recorded for Singapore for each species.   




genus level (Koh & Sodhi 2004). Average congener density was low (3.4 species per genus) 
with 33% of species (n=70) having no congenerics. 
 
2.2.6 Model description 
I built two sets of models to identify the possible influence of ecological and morphological traits 
on butterfly abundance: a commonness model and a sub-sampled abundance model. The 
commonness model was developed to evaluate the relationships between the species traits and 
abundance categories across all study sites, i.e. at the landscape (Singapore-wide) scale. 
However, local abundance classification of species at a particular site may differ from landscape 
scale abundance classification. For this reason, a continuous (sub-sampled) abundance model 
was developed to evaluate trait-abundance relationships within sites (at site sub-sample scale) 
and across habitats types.  
Commonness models were univariate ordinal mixed-effects regressions (‘ordinal’ 
package in R; Christensen 2015) that evaluated the relationship between commonness of a 
butterfly species (common, intermediate and rare) and its ecological correlates. These 
regressions were varying intercept models that included butterfly family (Khew 2010) as a 
random effect to account for phylogenetic bias and natural differences in abundances at 
different taxonomic levels. Mobility was found to be collinear with other variables using variance 
inflation factor (‘VIF’ package in R; Lin 2012). Interactions between key ecological correlates 
with butterfly abundance class were tested using multiple ordinal mixed-effects regressions 
(Table 2.S4).    
Sub-sampled abundance models were univariate mixed-effects regression models 
(‘lme4’ package; Bates 2015) that tested how species abundance relate with site characteristics 
and species ecological and morphological traits. I produced separate models for each habitat 
type (Table 2.5). Family, species (nested within family) and sites were included as random 
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effects. Distance from mature forest and mobility were found to be collinear with other variables 
and were, therefore, removed from the analyses. Continuous variables in the two models were 
centered on mean and scaled by dividing by two times of the standard deviation (Gelman 2007). 
All statistical analyses were performed using R software (R Core Team 2015). 
#
2.3 Results  
2.3.1 Species-habitat relationships 
Mature forests had the highest butterfly species richness, diversity and community evenness 
(Figure 2.1a – c). Degraded forests and forest fragments exhibited similar richness and 
evenness values, but were lower than mature forest. Urban parks exhibited substantially lower 
diversity and evenness than the other habitat types. The four habitat types had similar densities 
of individuals per unit time (Figure 2.1b). Large sites had higher butterfly species richness, 
diversity and community evenness than small sites (Figure 2.1d – f). NMDS plots revealed that 
sites clustered according to habitat types with mature forests and urban parks clustered tightly 
whereas degraded forests and forest fragments showed more diffuse clustering (Figure 2.2). 
Mean species richness increased with site area (Figure 2.3a) and the rates of increase were 
similar across habitat types (Figure 2.S2a). Similarly, mean total abundance increased with site 
area across all habitat types (Figure 2.3b) but rates of increase were significantly higher for 
forest fragments and urban parks in comparison with mature forests (Figure 2.S2b). The 
observed mean rate of increase in butterfly species per unit area (~ 34 species for 10-fold 
increase in area; Figure 2.S2a) was comparable with the literature (Leidner et. 2010 observed 
an increase of ~ 20 species for 10-fold increase in area).    
Whereas all three abundance classes exhibited high relative species richness (percent 
of all species of that class) in mature forests, each abundance class responded differently to 
habitat degradation (Table 2.3). Common species richness was similar across all habitat types, 
50#
#
with only a minor drop in richness in urban parks relative to other habitat types. Similarly, 
intermediate species had comparable richness in mature forests, degraded forests and 
fragments, but diversity was reduced by 50% or more in urban parks. Rare species, however, 
exhibited the greatest impact of habitat degradation, with reduction in diversity by 90% in urban 
parks and 50% in degraded and fragmented forests (Table 2.3). Rare species richness was also 
much lower in small sites, while common and intermediate species had similar richness across 
large and small sites (Table 2.3). In sum, common species were the least impacted by both 
habitat degradation and habitat loss (fragment size) whereas rare species were the most 
impacted.      
Approximately half (53%) of forest restricted species were classified as rare whereas 
only 20% of urban adapted species that were rare (Fig 2.4a). The majority of mature forest-
restricted species were found in multiple mature forest sites; in contrast, species restricted to 
degraded forest or forest fragments were recorded from single sites only. 
Threatened species were present in all four habitat types (Table 2.3). Of the 30 habitat-
restricted species recorded, 57% were restricted to mature forest, 30% to fragments and 10% to 
degraded forest; no species were restricted to urban parks (Table 2.3). Large sites had three 
times the number of habitat-restricted species than small sites, but small sites retained habitat-
restricted species only found at single sites.  
Butterfly families responded variably to habitat degradation (Table 2.3). Lycaenidae and 
Hesperiidae had lower richness in comparison with other butterfly families in degraded and 
fragmented forests (Table 2.3). Riodinidae were poorly represented in forest fragments and 
were absent from urban parks. Lycaenidae also had minor drop in richness in small sites 
relative to large sites.  Butterfly abundance class was also uneven across families (Fig. 2.4b). 




Table 2.3 Butterfly species richness across four habitat types and size class of study sites in Singapore, categorized according to abundance 
class, family, threat and habitat specialization. To make survey effort comparable, abundance data was sub-sampled with 1000 random iterations of 97 
days each drawn for every habitat type and 148 days each drawn for large and small sites. Mean values of species richness are reported. Numbers in 
parentheses indicate the percent of the total in that column. Habitat-restricted species were restricted to only one habitat type.  
Abbreviations: C = Common, I = Intermediate, R = Rare; Hes = Hesperiidae, Lyc = Lycaenidae, Rio = Riodinidae, Nym = Nymphalidae, Pie = Pieridae,  

















species    C I R   Hes Lyc Rio Nym Pie Pap     
Mature 1064 97 165  49 (94) 75 (84) 41 (68)  34 (77) 48 (74) 4 (100) 58 (91) 8 (80) 13 (93)  15 (58)  17 (57) 
Degraded 466 97 137  50 (96) 68 (76) 19 (32)  23 (52) 36 (55) 4 (100) 51 (80) 10 (100) 13 (93)  8 (31)  3 (10) 
Fragment 1102 97 133  45 (87) 67 (75) 22 (37)  23 (52) 40 (62) 1 (20) 48 (75) 9 (90) 12 (86)  10 (39)  9 (30) 
Urban  124 97 65   35 (67) 27 (30) 4 (7)   9 (20) 13 (20) 0 (0) 28 (44) 8 (80) 8 (57)   2 (8)   0 (0) 
Site size                   
Large sites 1364 148 178  52 (100) 83 (93) 43 (72)  34 (77) 56 (86)  4 (100) 62 (97) 9 (90) 14 (100)  17 (65)  19 (63) 
Small sites 1392 148 152   51 (98) 75 (84) 26 (43)   29 (66) 42 (65) 4 (100) 55 (94) 9 (90) 13 (93)   12 (46)   6 (20) 






Figure 2.1 Differences in species-habitat relationships between (a-c) habitat types and (d-f) size class. a) & d) Rarefied 
species richness vs. sampling effort, b) & e) Rarefied number of individuals vs. sampling effort, c) & f) Species abundance vs. 




Figure 2.2 Non-metric multidimensional scaling (NMDS) plots of a) 22 sites, b) 62 sub-
samples classified according to the presence and absence of butterfly species. 
Distances were based on Bray-curtis dissimilarity. NMDS stress values = 0.12, R2 = 0.93 (sites) 
and 0.96 (sub-samples).  
 
Papilionidae and Pieridae species being common. Lycaenidae and Hesperiidae also had a 
disproportionately high contribution to rare species (68%) and habitat-restricted species (80%). 
2.3.2 Drivers of butterfly abundance 
Univariate ordinal regressions (Table 2.4) indicated that larval host plant abundance class had 
the strongest positive effect on butterfly commonness implying that species with abundant larval 
host plants were most common. Habitat specialization had the strongest negative effect on 
butterfly commonness implying that common species exhibited low habitat specialization (i.e., 
were urban adapted).  Geographic range, number of larval host plant genera and mobility had 
strong positive effects on commonness though there was a high uncertainty in the association of 
mobility with commonness. Larval gregariousness had a strong negative effect on commonness 
implying that solitary larvae were more common but this relationship had many missing values 
and high uncertainty. Wingspan was negatively associated with commonness suggesting that 
smaller species were more common, however, this relationship had high uncertainty (Table 2.4). 
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There were no significant interactions between the key variables in the multivariate models 
(Table 2.S4).  
 
Figure 2.3 Relationship between site area and a) Mean species richness across sites and 
b) Mean of total abundance across sites. Average values across multiple random sub-
samples were drawn at each site to correct for sampling effort. Linear regression lines were 
drawn for each habitat type (site D4 treated as outlier). See Figure 2.S2 for differences between 
the slopes of the regression lines   
 
 
Figure 2.4 Number of butterfly species according to their abundance class (common, 
intermediate or rare) across a) habitat specialization of species and b) butterfly families 




Sub-sampled butterfly abundance within a habitat type was associated and had strong 
effect size with habitat specialization, larval host plant abundance class, and the number of 
larval host plant genera (Table 2.5). However, habitat specialization had varying effects on 
abundance between habitat types: specialists were more abundant in mature forests but less 
abundant in fragments and urban parks. Size of site had a strong positive effect on abundance 
in urban parks, and this relationship was weaker in mature forest. Global geographic range was 
marginally and positively associated with abundance in fragments and urban parks. Distance to 
mature forest was strong negative effect size  with abundance in urban parks, and with a 
weaker relationship in forest fragments.  
Across habitats, variation in intercepts between species and families was considerably 
higher than variation across sites suggesting greater differences in abundances between 
species and families than across sites.  
 
Table 2.4 Results of univariate ordinal regressions of the commonness model between 
abundance class and ecological correlates of butterfly species 
 
Variable  n Coefficient (95%CI) R2 
Habitat specialization 209 -1.33 (-1.89,-0.76)***  0.09 
Larval host plant abundance class 161 1.35 (0.89,1.81)*** 0.37 
Number of larval host plant genera 161 0.55 (0.05,1.05)# 0.27 
Larval host plant specificity 161 0.44 (-0.28,1.16) 0.27 
Log (Wingspan) 200 -0.57 (-1.57,0.43) 0.08 
Mobility  209 0.58 (-0.67,1.82) 0.04 
Sexual dichromatism 200 -0.14 (-0.49,0.21) 0.08 
Conspicuousness  200 0.29 (-0.11,0.70) 0.08 
Global geographic range  200 0.86 (0.30,1.42)** 0.09 
Larval gregariousness 99 -0.72 (-1.83,0.40) 0.54 
Log (Congener density) 200 -0.13 (-0.66,0.41) 0.07 
Flight height 209 -0.37 (-0.72,-0.02)# 0.05 
Number of species 209   
 
*** p<0.001, **  p<0.01, * p<0.05, # p < 0.1.  
Values in parantheses correspond to 95% confidence intervals (CI). 90% confidence intervals were reported for 
marginally significant variables. Family was considered as a random effect in the simple linear regressions. Log() 




Table 2.5. Results of univariate mixed effects regression models between sub-sampled butterfly abundance per habitat 
type, and habitat characteristics or ecological traits of butterflies  
 
Variable Mature Degraded Fragment Urban 
 n Coefficient (95% CI) n Coefficient (95% CI) n Coefficient (95% CI) n Coefficient (95% CI) 
Log (Site area) 1488 0.18(0.002,0.36)# 684 0.42(-0.67,1.55) 518 0.14(-0.69,0.97) 464 1.91(1.53,2.26)*** 
Log (Distance from 
mature forest) 1488 - 684 - 518 -1.22(-2.32,-0.13)
# 464 -2.22(-0.22,-0.01)*** 
Log(Site area) * 
Log(Distance from mature 
forest) 
1488 - 684 - 518 0.01(-0.54,0.57) 464 -0.34(-4.51,3.85) 
Habitat specialization 1488 0.21(0.03,0.39)* 684 -0.005 (-0.27,0.25) 518 -0.43(-0.7,-0.17)** 464 -0.95(-1.75,-0.125)* 
Larval host plant status 1302 0.11(-0.03,0.24) 629 0.27(0.08,0.46)** 477 0.19(0.02,0.36)# 456 0.46(0.05,0.87)# 
Number of larval host 
plant genera 1302 0.30(0.07,0.52)** 629 0.49(0.05,0.2)*** 478 0.25(0.005,0.49)* 456 0.71(0.11,1.29)# 
Larval host plant 
specificity 1302 0.06(-0.19,0.31) 629 0.13(-0.18,0.44) 478 0.012(-0.25,0.27) 456 -0.23(-0.8,0.33) 
Log (Wingspan) 1486 -0.21(-0.5,0.13) 682 -0.39(-0.78,-0.07)* 514 -0.16(-0.53,0.23) 459 -0.81(-7.06,-0.12)* 
Mobility  1488 -0.14(-0.46,0.27) 684 -0.44(-0.87,0.11)* 518 0.08(-0.26,0.44) 464 0.07(-0.06,0.72) 
Sexual dichromatism 1486 -0.13(-0.25,-0.006)* 682 -0.1(-0.27,0.07) 514 0.04(-0.12,0.19) 459 -0.09(-0.45,0.28) 
Conspicuousness  1486 0.04(-0.1,0.18) 682 -0.09(-0.29,0.14) 514 0.06(-0.11,0.23) 459 0.04(-0.38,0.52) 
Geographical Distribution  1486 -0.03(-0.22,0.17) 682 0.05(-0.2,0.32) 514 0.19(0.006,0.37)# 459 0.5(0.08,0.93)# 
Larval gregariousness 917 0.2(-0.17,0.58) 441 0.36(-0.13,0.89) 315 -0.005(-0.49,0.51) 325 0.11(-0.8,1.0) 
Log (Congenors) 1486 0.05(-0.12,0.23) 682 0.13(-0.12,0.39) 514 0.01(-0.21,0.24) 459 -0.25(-0.77,0.28) 
Flight height 1488 -0.09(-0.22,0.06) 684 -0.3(-0.49,-0.1)** 518 -0.1(-0.26,0.06) 464 -0.4(-0.75,-0.005)* 
 
*** p<0.001, **  p<0.01, * p<0.05, # p < 0.1.  
Values in parantheses correspond to 95% confidence intervals.90% confidence intervals were reported for marginally significant variables. 
Family, species and sites were treated as random effects. The effect sizes from the regressions should be interpreted on an exponential scale because the 
dependent variable (butterfly abundance) was log transformed which implied that positive coefficients increased abundance and negative coefficients decreased 





This chapter reveals substantial variation in the composition and diversity of the total butterfly 
community in a highly transformed tropical landscape in Southeast Asia. By covering a 
significant proportion of rare butterflies in the landscape, this chapter attempts to fill a major gap 
in our understanding of the factors that contribute to the persistence and abundance of species 
of different abundance categories (common/intermediate/ rare species) in the region. Beyond 
that, this chapter identifies ecological correlates most associated with butterfly abundance and 
shows that species rarity at the landscape-level is strongly associated with habitat 
specialization, larval host plant abundance and global geographic range of species. Finally, this 
chapter highlights potential differences in conservation and management outcomes across 
habitat types and size of sites. 
 
2.4.1 Butterfly persistence In transformed tropical landscapes 
The results corroborate studies that highlight the importance of mature forests as key habitats for 
conservation, because they support the largest proportions of rare, threatened and habitat-
restricted species (Barlow et al. 2007, Gibson et al. 2011). Degraded habitats exhibited reduced 
species richness in comparison with mature forests. Importantly, degraded forests retained 
substantial proportions of common and intermediate species but a much lower proportion of rare, 
threatened and habitat-restricted species than mature forest. Degraded forest sites were also 
more variable in species composition than mature forests: this may be attributed to varying levels 
and types of degradation in degraded forests and to differences in the ability of species to persist 
in degraded habitat.  
Forest fragments generally exhibited greater conservation benefits than degraded forest 
that were connected to mature forest – with forest fragments having a greater proportion of rare, 
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threatened and habitat-restricted species than degraded forest. Forest fragments were larger 
than 50 ha and, therefore, large enough to maintain butterfly richness and abundance (Leidner 
et al. 2010, Yong et al. 2012). However, larger fragments had even higher species richness and 
higher population density than smaller fragments, in accordance with species-area relationship 
(Adler & Dudley 1994) and population density-area relationship known for insects (Connor et al. 
2000), suggesting the potential benefits of conserving large fragments.  
The results from this chapter suggest that conserving large sites would likely return 
greater conservation outcomes than conserving smaller sites over a comparable area (see 
McNeill & Fairweather 1993, Tscharntke et al. 2002, Yong et al. 2012 for SLOSS debate). Large 
sites had nearly three times the number of habitat-restricted species and supported more rare 
species than small sites. However, of critical importance was that some small sites had species 
restricted to single sites only; presence at a single site suggests that these species might not be 
habitat specialists but perhaps were individuals from relict populations that managed to survive 
in these sites. While the mechanism for this result is not immediately clear, it is possible that the 
geographic coverage of small, dispersed forest patches has a higher likelihood of capturing a 
wider array of relict populations of species than a single large site. However, such a hypothesis 
would need more research.  
Urban parks contributed the least to butterfly conservation, with low species richness 
and abundance, few rare species and no habitat-restricted species. Lower species richness in 
urban parks compared with other habitats supports the argument that cultivated greenery has 
lower diversity than natural greenery (Chong et al. 2014). Urban park sites were also relatively 
homogeneous even though they were far apart. Proximity to mature forests could be potentially 
vital in maintaining populations in urban parks, as abundance models showed that species 
abundance in urban parks reduced with distance to mature forest (see also Li et al. 2012). 
Though the direct conservation value of urban parks seems limited, they have the potential to 
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act as stepping-stones between forest reserves and forest fragments. Urban parks could be 
beneficial particularly for generalist butterfly species which can navigate a matrix of disturbed 
landscapes as opposed to specialist species which need contiguous corridors (Dennis et al. 
2013).  
 
2.4.2 Ecological correlates of species rarity   
I found a strong positive relationship between habitat specialization and rarity, which may be 
due to the restrictive microclimatic requirements of habitat specialists. A similar relationship has 
been observed in Bornean butterflies (Cleary 2003) suggesting that habitat specialists deserve 
maximum conservation attention in the region. Larval host plant abundance was strongly 
associated with rarity which may be because larval host plant strategies limit butterfly biology 
and life history which in turn, strongly affect butterfly abundance and distribution (Schultz and 
Dlugosch 1999; Dennis et al. 2004).  
This chapter also revealed a strong positive association between butterfly abundance 
and the number of larval host genera utilized by species in different habitat types which is likely 
due to the tight diet requirements of larval host plant specialists, possibly making them less 
adapted to disturbance and, hence, rarer (Koh 2007). Therefore, broadly speaking, my results 
showing the association of species rarity with habitat specialization and the number of larval 
host plant genera support the hypothesized ecological correlates of sensitivity for Southeast 
Asia (Koh 2007) and corroborate studies which showed that these factors were important 
predictors of species becoming extinct in Singapore (Koh et al. 2004b).  
I also showed that species with a wide global geographic range were marginally better in 
exploiting fragmented and urban habitats. This was likely because cosmopolitan species tend to 
be habitat generalists, larval host plant generalists and better dispersers (Horner-Devine et al. 
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2003, Slove and Janz 2011). This further implies that species with narrow global geographic 
range (Sundaland species), may be most impacted by landscape transformation.  
Finally, my result of smaller butterflies being more abundant when accounted for 
differences across families, was in agreement with the widely accepted negative abundance-
body size relationship (Blackburn and Gaston 1999). This relationship, however, varied between 
families: species within Lycaenidae and Hesperiidae had lower abundances, especially in 
transformed landscapes, despite typically being small-sized. Being cryptic and small, 
observations of abundance may be lower for these species, which could have lead to an 
overestimation of their rarity. Nonetheless, the rarity of Lycaenidae and Hesperiidae remains a 
concern and warrants more thorough research of species persistence in response to landscape 
transformation for these families.   
#
2.4.3 Conservation implications  
Current conservation practice often focuses on total species richness (Lawler 2003) and/or 
common species richness (Koh and Sodhi 2004, Bonebrake & Sorto 2009) to assess 
conservation value of a site or habitat. Here I show, however, that these alone may not be 
sufficient: richness of habitat-restricted species and rare species do not correlate with total 
species richness and common species tend to be relatively evenly spread across habitats. 
Therefore, relying on one measure could result in the neglect of highly threatened species. I 
also show that mature forests remain key for butterfly conservation in a transformed landscape 
and forest fragments yield greater conservation benefit than conserving degraded forest 
connected to mature forest. Large sites can be better in conserving butterflies than small sites 





Chapter 3: Flower specialization of butterflies and impacts of non-
native flower use in a transformed tropical landscape  
 
A modified version of this chapter is published:   
Jain, A., Kunte, K. and Webb, E. L. 2016. Flower specialization of butterflies and impacts of 
non-native flower use in a transformed tropical landscape. Biological Conservation 201: 184 – 
191.  
 
3.1  Introduction  
Flower-feeding ecology is a critical component of butterfly life history that affects important traits 
such as fecundity and longevity (Boggs & Gilbert 1979; Schultz & Dlugosch 1999). The 
distribution of nectar resources influences patterns of butterfly oviposition (Janz 2005), 
dispersal, emigration and immigration rates in local populations and are partially responsible for 
shaping butterfly meta-population structures (Schneider et al. 2003). Furthermore, an 
understanding of flower use and flower preferences is required to manage habitats for butterflies 
(Hardy et al. 2007).  
 Butterfly species exhibit varying levels of flower preferences and flower specialization, 
defined as the utilization of fewer flower species than the average of all butterfly species scaled 
by the number of observations made of each butterfly species (Tudor et al. 2004). Butterflies in 
temperate regions are believed to be flower generalists, but some temperate butterflies have 
been shown to exhibit flower specialization (e.g., Stefanescu & Traveset 2009, Tudor et al. 
2004). During the flowering season when nectar resources are abundant, butterflies can be 
flower specific and choose to feed only from a limited number of plant species in a habitat 
(Wiklund & Ahrberg 1978, Rodriguez et al. 1994) and can sometimes be nearly absent from 
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sites where the preferred flower resource is lacking (Severns et al. 2006).  Further, preferred 
flowering plants can differ between time periods within sites and between sites (Wiklund & 
Ahrberg 1978). Between sexes, females may visit a larger number of flowering plant species 
than males, presumably as a result of their higher dietary requirements (Wiklund & Ahrberg 
1978). Butterflies also have innate preferences towards certain flower characteristics - e.g., 
color preferences for yellow and red flowers (Weiss 1997, Pohl et al. 2011); species with high 
wing loading prefer clustered or nectar-rich flowers (Corbet 2000, Kunte 2007). Behavioral 
modifications and derived proboscis morphology are also often associated with specialized 
feeding preferences (Bauder et al. 2013, Krenn 2010). It is thus evident, that flower 
specialization of butterflies is a complex phenomenon and one that interacts with species 
abundance, habitat matrix, environmental conditions and species traits.  
 In tropical systems, some butterflies have been shown to be flower generalists (Kunte 
2007) and flower specialists (Bauder et al. 2015b) but research efforts have been minimal and 
largely focused only on treatments of single species or particular groups of species. An 
understanding of flower specialization across many butterfly species is necessary because 
butterflies are known to be important pollinators (Courtney et al. 1982), and therefore contribute 
to plant reproduction in tropical forests. In addition, continued deforestation and habitat 
degradation in tropical forests (Hansen et al. 2013) has led to changes in vegetation structure 
that may affect the distribution of larval host plants and also facilitate increased abundance of 
non-native flowering plants (Ghazoul 2004). For example, if tropical butterflies are indeed flower 
generalists, then the invasion of non-native plant species that serve as novel nectar sources 
could alter butterfly behavior, thereby affecting reproduction of native plants. Ultimately, 
understanding flower use dynamics in transformed landscapes has important implications for 
understanding potential changes in pollination and plant reproduction in tropical forests, as well 
as informing management towards flowering plants for tropical butterfly conservation.  
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 It is further necessary to assess the underlying mechanisms that drive flower 
specialization. Butterfly species traits may underpin their flower specialization because butterfly 
morphology and traits are known to influence flower choice (e.g., butterflies with short proboscis 
do not visit flowers with deep corollas; Corbet 2000). Yet, research on species traits that drive 
flower specialization has been limited to temperate grasslands, where it has been shown that 
flower specialization can be best explained by habitat preference, larval host plant specialization 
and length of flight period of species (Tudor et al. 2004, Stefanescu & Traveset 2009); the latter 
is of particular importance in highly seasonal temperate systems where butterflies and flowering 
plants have a limited window of opportunity and a relatively longer diapause. There are reasons 
to believe that different selective pressures may drive flower specialization in the tropics. For 
instance, vertical complexity in tropical forests may shape flower specialization, similar to how 
vertical stratification affects larval host plant specialization in tropical forests (Dennis et al. 2004, 
Basset et al. 2015). Ultimately, an analysis of species traits should help understand the 
underlying mechanisms that drive flower specialization.  
 In this study, I evaluate the degree of flower specialization in tropical butterflies and 
examine the interaction of habitat type with flower specialization. I identify ecological and 
morphological traits of butterfly species that explain the degree of flower specialization. I also 
evaluate the degree of native vs. non-native flower use by butterflies. Finally, I considered the 
potential implications of changes in flower specialization in transformed tropical landscapes. 
 
3.2 Methods  
3.2.1 Study sites and data collection  
The island city-state of Singapore, which lost most of its primary lowland dipterocarp forest in 
the 19th and early 20th century, has the core of its remaining forest reserves in primary lowland 
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dipterocarp forest, swamp forest, young and old secondary forest in the center of the island 
(4.3% land area, 3043 hectares, Yee et al. 2011). Degraded forest fragments and urban parks 
dot the rest of the island, embedded in an urban matrix. In addition, non-native plants make up 
nearly half of the total vascular plant flora (2032 of 4173 species, Chong et al. 2011). Singapore 
thus presents an ideal system to study flower specialization and the impacts of non-native 
plants on flower feeders in a transformed tropical landscape. 
I conducted transect walks in 62 sites across Singapore (Figure 3.S1, Table 3.S1) from 
March 2011-July 2014. When conducting transect walks, the observer walked at a standardized 
pace (20 meters per minute) until a butterfly feeding activity was observed within 2.5 meters on 
either side of the transect. All flower visits by butterflies at that particular plant were recorded 
during the observation time, which was standardized to 30 minutes for a tree, 10 minutes for a 
tall shrub (> 2 meters in height), 5 minutes for a short shrub or an epiphyte and 2 minutes for a 
herb. Differences in observation times on each plant form helped to account for the difficulty in 
observation of trees (especially in closed forest) and tall shrubs and because they typically had 
larger flower loads than other life forms. After the observation time at a particular plant 
concluded, the observer continued the transect walk. Within a site, no particular plant was 
visited more than 3 times and the interval between repeat visits was at least 2 weeks to avoid 
recounting the same butterfly individuals. An average of 3 hours and 1 hour were spent at every 
visit in forested sites and urban parks, respectively.  
A butterfly was recorded as feeding (‘nectaring’) when its proboscis was observed 
entering the flower. The flowering plant species was classified as native or non-native to 
Singapore based on the Chong et al. (2009) plant list. Observations were conducted on all 
flowering plants encountered, thus avoiding bias towards any particular life form or native/non-
native status. I could not quantify flower resource availability (number of available flowers in the 
habitat) or nectar productivity, but our surveys do provide a ‘snapshot’ of all the flower sources 
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utilized by butterfly species during the observation period at each visit to a site. Due to the lack 
of data on seasonal patterns of tropical butterflies in the region, I did not consider the effect of 
seasonality in our study.  
 
 
3.2.2 Habitat classification  
The study sites (Figure 3.S1, Table 3.S1) were classified as forests or urban parks based on the 
updated vegetation map of Singapore (Yee et al. 2011). Forested sites consisted of mature 
forests (primary lowland dipterocarp forest, swamp forest and old secondary forest), degraded 
forests connected to mature forest or forest fragments. Urban parks consisted of urban parks 
adjoining forests or isolated from forest habitat. Urban parks were enriched with flower species 
— non-native ornamentals in most cases — that turned out to be attractive to butterflies. Two 
non-metric multidimensional scaling (NMDS) plots were constructed using Bray-Curtis 
dissimilarity (‘vegan’ package, Oksanen et al.  2015) to identify potential clustering of sites, 
classified according to habitat types. The first NMDS plot was constructed between presence 
and absence of flowering plant species and sites. The second NMDS plot was constructed 
between presence and absence of butterfly species and sites.     
 
3.2.3 Degree of flower specialization 
I followed the approach of Tudor et al. (2004) and Stefanescu & Traveset (2009) to classify each 
butterfly species as a generalist or specialist flower feeder by fitting a power function Y = cXz  
where Y was the number of flowering plant species visited by that species, X was the number of 
flower visits by that butterfly species and c and z were constants. A butterfly frequently seen 
feeding on flowers may be expected to use more flower species than one seen rarely. Positive 
deviations from this pattern would indicate flower generalization whereas negative deviations 
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would indicate flower specialization (Tudor et al. 2004). Therefore, the degree of flower 
specialization was estimated as the residual from the fitted logarithmic curve between the 
number of flowering plant species and the number of flower visits by that butterfly species. I 
considered a species as a generalist feeder if the residual was > 2, and as a specialist feeder if 
the residual < -2 (Stefanescu & Traveset 2009). The degree of specialization was compared 
across butterfly families to assess the phylogenetic basis of specialization and across habitat 
types to evaluate the effect of habitat on flower specialization.   
 
3.2.4 Models between species traits and degree of flower specialization 
Nine ecological and morphological traits were compiled for each butterfly species based on their 
biological relevance as potential correlates with the degree of flower specialization (Table 3.1). 
Where possible, traits were compiled using local datasets and using local expert knowledge. 
Proboscis length was measured on live butterflies after inserting a needle in the centre point of 
the coiled proboscis and straightening the proboscis out. The length was then measured as the 
distance between the base and the tip of the proboscis (same methodology as Kunte 2007). To 
calculate the relative flight mobility (hereafter ‘mobility’) of butterflies, three butterfly experts from 
Singapore with more than 50 years of combined field experience were asked to rank butterflies 
on a scale of 1-10 with ‘1’ being sedentary species and ‘10’ being extremely mobile species. 
Final mobility value for each butterfly species was obtained by averaging values across expert 
responses. 
I built generalized linear models (GLM) (‘lme4’ package; Bates 2015) to examine the 
relationship between the degree of flower specialization (residuals from the power function Y = 
cXz) and the ecological and morphological traits of butterfly species. For this analysis, 82 
species with at least 10 flower visits were included. Feeding patterns of butterflies have been 
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shown to exhibit a phylogenetic signal (Boggs & Dau 2004, Stefanescu & Traveset 2009), 
therefore, I also built generalized least squares (GLS) models to account for taxonomic 
relatedness of species (‘APE’ package; Paradis et al. 2004). Species-to-species relatedness 
was derived from consensus phylogeny trees that were extracted from several data sets (Braby 
et al. 2006; Brower & Warren 2008; Kunte unpublished data; Simonsen et al. 2011; Wahlberg et 
al. 2005, 2009; Warren et al. 2009). Phylogenetic distances for some tropical butterfly genera 
were not available, particularly for the family Lycaenidae; hence, branch lengths were set equal 
to 1 to account only for topology. All statistical analyses were performed using R software (R 
Core Team 2015).  
  
3.3  Results 
Overall, I recorded 3,092 flower visits by 190 butterfly species feeding on 149 plant species 
(Table 3.S1). A higher number of butterfly species were recorded feeding in forested sites than 
in urban parks. However the number of flower visits (a measure of feeding abundance) and 
flower species utilized by butterflies was greater in urban parks than forested sites (Table 3.2). 
NMDS plot for flowering plants revealed that in general (with the exception of few sites), 
forested sites clustered together while urban parks formed another cluster (Figure 3.S2a). 
However, NMDS plot for butterfly species revealed an overlap of forested sites and urban parks, 
especially for urban park sites adjoining forests (Figure 3.S2b). Of the 149 flower species used 
by butterflies, 45 were native and 104 were non-native (Table 3.2). Forty percent (1240/3092) of 
flower visits by butterflies were to native flowers. There was a positive correlation between the 
number of native and non-native plant species utilized by butterflies (Pearson’s R=0.44, 




3.3.1 Flower specialization across habitat types and butterfly families  
Of the 190 butterfly species encountered, 58 were classified as flower generalists, 30 as flower 
specialists and the remaining 102 species as flower intermediates (i.e. neither generalists nor 
specialists; Table 3.2). Each habitat type had more flower generalists than flower specialists 
(Table 3.2, Figure 3.1). However, the average degree of flower specialization of butterflies was 
not different across habitat types (Figure 3.2a). Across butterfly families, lycaenids were more 
flower specialized whereas papilionids were significantly more flower generalized (Figure 3.2b). 
Of the 19 butterfly species present with at least 10 flower vists in both forests and urban parks, 
11 varied in their degree of flower specialization with habitat modification towards urbanization 
(Table 3.3). Six of these species contracted their diet with urbanization i.e. became more flower 




Table 3.1 Ecological and morphological traits of butterfly species used as predictor variables in the models used to explain the 
degree of flower specialization  
Variables Type Description Data source 
Habitat breadth Ordinal Number of habitat types the butterfly species can be found in Singapore  A. J. unpublished data 
Proboscis (mm) Continuous Proboscis length (mm) averaged between sexes of each species.  This study 
Wingspan (mm) Continuous Mean forewing length (mm) averaged between sexes of each species.  Fleming (1991), Khew (2010) 
Mobility  Continuous 
Relative flight mobility of each species on scale of 1-10 where ‘1’ 
represents a sedentary species and ‘10’ an extremely mobile species. 
Rank was averaged across 3 expert respondents. 
This study 
Number of larval host plant 
genera and families  Count 
 
Compiled from local host plant records (published and unpublished) 
and verified with local butterfly experts 
Khew (2010), Butterfly Circle (2015), 
NSS (2015), A.J. rearing records 
Global geographic range  Ordinal Narrow (0) - Restricted to Sundaland; Moderate (1) - Restricted to Oriental Region; Wide (2) - Oriental Region and beyond 
Corbet & Pendlebury (1992), 
Fleming (1991), d’Arbera 
(1982,1985,1986) 
Adult conspicuousness  Ordinal 
Visually estimated (by L. P. Koh) as proportion of black, brown or grey 
on the upper side of both pairs of wings, where low: >70%; moderate: 
30-70%, high: <30%. The more visible sex was scored. Where a 
species was polymorphic, the most common form was scored.  
Corbet & Pendlebury (1992), 
Fleming (1991), d’Arbera 
(1982,1985,1986) 





Table 3.2 Flower generalist and specialist butterfly species by habitat types. Each flower visit by a butterfly was counted as an 
observation. Numbers in brackets represent species with at least 10 flower visits. Acronyms: N = Native, NN = Non-native. 
Habitat type Number of sites 





butterflies    




species   N NN   N NN 
Forested habitats  28 
#
162 (39) 36 (16) 112 (14) 14 (9)  707 543 
#
34 38 
Urban parks  34 # 142 (52) 38 (27) 90 (13) 14 (12)   533 1309 # 21 91 
All habitats (combined) 62 
#




  #        #   
 
 
 Figure 3.1 Relationship between the number of flower species used as nectar and flower visits by butterflies species 
across all habitats – (a) All habitats pooled (p<0.001, R2=0.89, n=190), (b) Forests (p<0.001, R2=0.80, n=162), (c) Urban parks 
(p<0.001, R2=0.86, n=142). Each dot represents one butterfly species. Degree of flower specialization = residuals in the above plots. 




Figure 3.2 Differences in degree of flower specialization of butterflies (a) between 
habitat types and (b) butterfly families. N=82 species with at least 10 flower visits. 
Bars indicate standard errors of the mean. Letters (a, b and c) besides the bars refer to 
statistically significant differences (p<0.05, Wilcoxon signed rank test) between groups. 
n.s. indicates not significance. Butterfly families: Papilionidae (‘PAP’), Pieridae (‘PIE’), 
Nymphalidae (‘NYM’), Lycaenidae (‘LYC’) and Hesperiidae (‘HES’). Positive values of 
degree of specialization represent flower generalist species whereas negative values 





Table 3.3 Variation in the degree of flower specialization and diet response of butterflies with urbanization. N=19 butterfly 
species with ≥10 flower visits in both the habitat types.  
Scientific name Family 
Forested habitats 
 
Urban parks  
Diet response Visits (species 
utilized) 
Flower 





Papilio iswara iswara  Papilionidae 18 (10) Generalist 
 
14 (5) Intermediate Contraction 
Papilio polytes romulus  Papilionidae 27 (11) Generalist 
 
68 (20) Intermediate Contraction 
Delias hyparete metarete  Pieridae 45 (12) Generalist 
 
107 (25) Specialist Contraction 
Euploea eyndhovii gardineri  Nymphalidae 21 (8) Generalist 
 
14 (6)  Intermediate Contraction 
Cethosia hypsea hypsina  Nymphalidae 34 (10) Generalist 
 
19 (3) Specialist Contraction 
Vindula dejone erotella  Nymphalidae 26 (13) Generalist   40 (4) Specialist Contraction 
Graphium sarpedon luctatius  Papilionidae 20 (10) Generalist 
 
20 (9) Generalist No change 
Graphium agamemnon 
agamemnon  Papilionidae 23 (7) Intermediate 
 
32 (11) Intermediate No change 
Appias libythea olferna  Pieridae 25 (11) Generalist 
 
31 (16) Generalist No change 
Eurema sari sodalis  Pieridae 37 (8) Specialist 
 
20 (5) Specialist No change 
Ideopsis vulgaris macrina  Nymphalidae 23 (10) Generalist 
 
78 (23) Generalist No change 
Doleschallia bisaltide bisaltide  Nymphalidae 18 (7) Generalist 
 
23 (10) Generalist No change 
Junonia hedonia ida  Nymphalidae 24 (9) Generalist 
 
35 (19) Generalist No change 
Phalanta phalantha phalantha  Nymphalidae 19 (5) Intermediate   59 (17) Intermediate No change 
Eurema hecabe contubernalis  Pieridae 46 (11) Intermediate 
 
54 (25) Generalist Expansion 
Danaus genutia genutia  Nymphalidae 12 (5) Intermediate 
 
18 (10) Generalist Expansion 
Parantica agleoides agleoides  Nymphalidae 34 (9) Intermediate 
 
74 (23) Generalist Expansion 
Euploea mulciber mulciber  Nymphalidae 20 (7) Intermediate 
 
14 (9) Generalist Expansion 
Junonia almana javana  Nymphalidae 11 (4) Intermediate 
 




Table 3.4 Results of predictor variables explaining the degree of specialization in flower 
use of butterflies. Generalized Least Squares (GLS) model took into account the phylogenetic 
relatedness of butterfly species. GLM models did not control for phylogeny. N=82 butterfly 
species with at least 10 flower visits. Positive coefficient values represent negative association 
with flower specialization.  
 
Variables  GLS GLM 
 Coefficient (95%CI) Coefficient (95%CI) 
Habitat breadth 4.44 (1.71,7.2)** 3.36 (1.18,5.53)** 
Log (Proboscis) 11.2 (1.7,20.7)# 5.45 (1.9,8.99)** 
Log (Wingspan) 9.1 (0.66,17.54)# 4.65 (1.69,7.61)** 
Mobility -0.3 (-4.6,3.9) 1.5 (0.73,2.22)*** 
Number of host plant genera 0.72 (-0.87,2.32) 0.04 (-1.2,1.27) 
Number of host plant families 1.68 (-0.89,4.26) 0.27 (-1.77,2.3) 
Global geographical Distribution 0.96 (-2.3,4.2) 2.07 (-1.16,5.3) 
Adult conspicuousness -4.52 (-7.1, -1.95)*** -1.1 (-3.16,1.02) 
Flight height -1.92 (-9.97,6.13) 0.42 (-1.91,2.76) 
 
*** p<0.001, ** p<0.01, *p<0.05. Values in parantheses correspond to 95% confidence intervals (CI).#Refers to 
marginally significant values with 90% CI.  
 
3.3.2 Correlates of flower specialization  
Greater adult conspicuousness, wider habitat breadth, longer proboscis length and larger 
wingspan were most strongly associated with flower specialization in the GLS models that 
accounted for phylogenetic relatedness (Table 3.4). In constrast, greater mobility, wider habitat 
breadth, longer proboscis length and larger wingspan were most strongly associated with flower 
specialization in the GLM models that did not account for phylogeny. There were 
inconsistencies in the association of mobility and adult conspicuousness with flower 
specialization between GLS and GLM models. There was a weak association between flower 
specialization (i.e. residuals) and commonness (based on Singapore-wide abundance 
categories of Khew 2010) for all 190 butterfly species (Pearson’s R=0.14, p=0.05, n=190) and 
no association between flower specialization and commonness for the 82 butterfly species with 
≥10 flower visits (Pearson’s R=0.09, p=0.42, n=82) so there was weak support for the 





3.3.3 Native vs. non-native flower use  
In forested sites, the average number of visits by butterflies on native flowers was similar to the 
average number of visits on non-native flowers; a different trend was seen in urban parks 
(Figure 3.3a). Forty-three percent of feeding observations (n=162 butterfly species) in forested 
sites were on non-native flowers (Table 3.2). In terms of the use of flower species, butterflies fed 
on a similar number of native and non-native flower species in forested sites (Figure 3.3b). 
However, significantly fewer native flower species were utilized than non-native flower species 
in urban parks, and when both habitat types were pooled together (Figure 3.3b).  
 
Figure 3.3 a) Average flower visits and b) average flower species utilized per butterfly 
species across habitat types. * indicates statistically significant differences (p<0.05, Wilcoxon 
signed-rank test) between the average values of native and non-native flower visits/flower 




Specialist butterfly species used a higher proportion of native flower species in their diet than 
generalist butterfly species when habitat types were pooled together, though the differences 
were not significant within each habitat type (Figure 3.4). Flower specialists spent higher 
proportions of time on their preferred nectar sources and tended to be forest dependent 
compared with flower generalists (Table 3.S2). Some forest butterflies were critically dependent 
on a few native flowers for nectar intake e.g., Pyroneura latoia and Gandaca harina fed on the 




Figure 3.4 Proportion of native flowers used by specialist and generalist butterflies 
across habitat types.  * indicates statistically significant differences (p<0.05, Wilcoxon signed-
rank test) between the average values of generalist and specialist butterfly species. n.s. 
indicates not significance. Bars indicate standard errors of the mean. Refer to Table 3.2 for the 





3.4 Discussion  
3.4.1 Evolutionary significance of flower specialization 
The finding of more species being classified as generalist feeders than specialist feeders agrees 
with the view that butterflies are flower generalists at the community level, and that tight plant-
pollinator interactions are generally uncommon (Inouye 1980, Kunte 2007). Furthermore, I found 
that flower generalists had longer proboscis lengths than specialists. Possession of a long 
proboscis is beneficial to butterflies because it widens food choices available to an individual by 
allowing access to nectar in deep flowers, which typically secrete more nectar than short flowers 
(Harder & Cruzan 1990). Butterflies with longer probosces also have a wider food canal area of 
the proboscis tube in accordance with the Hagen-Poiseuille law (Kingsolver & Daniel 1995), 
which allows for greater quantities of nectar uptake in every visit (Bauder et al. 2015a). Long 
probosces may also enable flower generalists to steal nectar from specialist flowers (Bauder et 
al. 2015b, Kunte 2007). Longer probosces, however, increase the flower manipulation time and 
nectar suction time of nectarivores (Bauder et al. 2015a) which can be costly in the face of 
competition for nectar (Kunte 2007) and can render significant anatomical costs (Bauder et al. 
2013).     
 The result of conspicuous butterflies being flower specialists may indicate an important 
evolutionary adaptation to escape predators during feeding when butterflies tend to be 
particularly vulnerable to predation. Conspicuous butterflies may have evolved optimized 
foraging strategies or morphologies to reduce handling time on flower(s), which may reduce 
exposure to predators and hence, may lower predation (as shown for caterpillars – see Heinrich 
1979). The observed relationship between adult conspicuousness and flower specialization also 
complements the potential predation risks associated with the increase in flower foraging time 
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for butterflies with longer proboscis lengths. Inconspicuous butterflies can afford to have longer 
probosces and be flower generalists because of potentially lower predation risks. The fact that 
conspicuousness was highly significant with the degree of flower specialization only in the 
model that accounted for phylogeny, suggests a phylogenetic signal in the evolution of flower 
specialization. However, it is unclear why this may be the case. Stefanescu & Traveset (2009) 
also found differing results with variables explaining the degree of flower specialization between 
models that accounted for phylogeny and those that did not. Patterns of allometric and 
functional constraints on proboscis lengths of butterflies suggest that nectar uptake morphology 
has evolved multiple times and phylogenetic constraints may not be strong (Kunte 2007). 
Therefore, further research is needed to elucidate the role of phylogeny in the evolution of flower 
specialization.   
 The models indicating that habitat breadth of butterflies was strongly and positively 
associated with the degree of flower specialization implies that habitat generalist butterflies tend 
to be flower generalists. Flower-generalist butterflies may have evolved strategies to thrive in 
conditions of wide resource availability and biotope occupancy (see Dennis et al. 2004 for life-
history strategies in butterflies under gradients of r-selection, K-selection, and S-selection). In 
parallel, habitat specialists may have evolved or co-evolved strategies (Ehrlich & Raven 1965) 
to exploit native flowers abundant in their preferred habitat to minimize effort per unit of energy 
intake and thus, become flower specialists. 
 
3.4.2 Variability in flower specialization across habitat types  
The result of the variability of flower specialization across habitat types was likely due to vast 
differences in the floral assemblages of the habitat types in the study (tropical forests vs. tropical 
urban parks) as confirmed by the NMDS plots. This seems to suggest that flower specialization 
of butterflies may be a relatively flexible behaviour that is affected by the floral assemblage and 
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relative abundance of species in a habitat. Indeed, when the floral assemblages across habitat 
types are relatively similar, consistency in the degree of flower specialization is observed for the 
majority of butterfly species across studies (Stefanescu & Traveset 2009, Tudor et al. 2004). 
Even in other taxonomic groups, such as bumble bees, which are known to be typically 
generalist feeders, flower breadth is known to be a flexible trait resulting from behavioural 
adaptation to competition and resource availability (Fontaine et al. 2008). However, some 
unexplained variability in flower specialization across habitats may also be attributed to 
variations in nectar volume, concentration and contents among plant species and individual 
flowers during the day and season that can affect preferences of flower visitors. Future studies 
should aim to quantify these variations to gain a fuller understanding of the variability in flower 
specialization at the landscape level.  
 
3.4.3 Potential impacts of foraging shifts in transformed landscapes 
Temperate zone studies have demonstrated reduced plant reproductive success resulting from 
pollinators shifting to non-native plants (e.g, Brown et al. 2002, Morales & Traveset 2009). In the 
Asian dry tropics, Ghazoul (2004) showed that the introduction of the understory exotic 
Chromolaena odorata altered foraging behavour of butterfly pollinators, which negatively 
affected the pollination and reproductive success of the native forest tree Dipterocarpus 
obtusifolius. In this study, 43% of feeding observations in forested sites were on non-native 
flowers, and 58% (11/19) of butterfly species exhibited a diet shift in urban parks, where higher 
abundances of non-native plants were found compared to forested sites. This suggests that 
butterflies spend considerable time nectaring on non-native plants in both forests and urban 
parks. In addition, 48% (32 out of 67 species) of non-native flower species utilized by bees in 
urban parks of Singapore (Soh & Ngiam 2013) were also utilized by butterflies in this study, 
suggesting that this trend of high non-native flower use may be found in other pollinator taxa as 
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well. Foraging shifts that occur across a large proportion of butterfly species and possibly also 
across bee species, indicate a general trend that tropical urbanization and establishment or 
habitat enrichment with non-native plants may result in long-term impacts on native plant 
reproductive success through reduced pollinator visitation rates. This study, however, could only 
quantify flower use and did not investigate the impacts of foraging shifts on seed production, 
dispersal and establishment of native plants. 
The ecological impacts of non-native plants on butterfly ecology may be variable, and 
require further investigation. Five of 19 butterfly species expanded their diet by becoming less 
flower specialized in landscapes that had an increasing number of non-native plants, suggesting 
that non-native flowering plants may be benefitting some butterflies by providing extra nectar 
resources. Similarly, non-native flowering plants were found to provide resources to several 
pollinator groups by extending the flowering season in garden habitats in the UK (Salisbury et al. 
2015) and in controlled laboratory experiments (Fontaine et al. 2008). Native flowering in the 
forests of Singapore tend to be spatially dispersed and flowering events are short, sporadic and 
few (except during times of mass flowering). Therefore, non-native plants which flower longer 
and more abundantly (A. J. pers. obs.) may make up for this shortfall in native flowering events.  
To the contrary, urban parks, particularly those adjoining forests, could act as "ecological 
traps" for forest-dependent butterflies that get attracted by nectar availability but which may not 
be able to reproduce owing to the absence of specific host plants, ant associates (Pierce et al. 
2002) or inappropriate microclimatic conditions. Ecological traps have been demonstrated for 
birds, and there is increasing evidence that such traps may be common (Battin 2004, 
Schlaepfer et al. 2002). However, ecological traps can be difficult to identify because a ‘trap’ 
habitat can be a preferred habitat due to evolutionary responses of animals to cues that formerly 
correlated with habitat quality (e.g., nectar availability, Schlaepfer et al. 2002) and remain 
unnoticed even as they decimate animal populations until an adaptation to the novel 
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environment occurs. This suggests that enhancing a low-quality urban habitat only with nectar 
resources (i.e., ornamental and butterfly-attracting flowers, which is the typical enrichment policy 
in many urban settings such as Singapore) may not be enough, and may even be more 
worrisome because the habitat could in fact create an unintended ecological trap. Community-
level experiments involving multiple plant species over the entire plant reproduction cycle may 
be required to get a better understanding of the true costs and benefits of non-native plant 
species to butterflies as well as native insect-pollinated flowering plants in tropical urban 
landscapes.  
!
3.4.4 Applications for conservation  
The results that flower-specialist butterflies prefer native flower species over non-native flower 
species and that some forest dependent butterflies are critically dependent on single native 
flower species have important conservation implications. As tropical landscape transformation 
continues and native plant species decline, to be replaced by non-native plant species, flower 
specialists may become increasingly dependent on fewer native flower sources that can persist 
in the transformed landscape; an outcome considered possible for flower-feeding British 
butterflies (Hardy et al. 2007) and for the wetland butterfly Lycaena xanthoides in Oregon, USA 
(Severns et al. 2006). Species traits associated with flower specialization can help identify 
species (e.g., highly conspicuous and/or habitat-specialized, short proboscis length species) 
that may require intervention to maintain the availability of suitable flowering plants. Most flower-
specialized butterfly families observed in this study were also found to be most extinction prone 
by Koh et al. (2004) and most habitat-specialized in Singapore (A. J. unpublished data). 
Therefore, the impacts of foraging shifts in flower specialized butterfly families may be even 
more critical due to their sensitivity to habitat specialization, high extinction proneness and 
potential synergistic interaction between these parameters. Habitat management for such 
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butterflies would require continued persistence of their preferred native flower sources in 
transformed landscapes.  
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Chapter 4: Habitat influences butterfly dispersal and movement in a 
transformed tropical landscape  
A modified version of this chapter is under review in Landscape Ecology:   
Jain, A., Vlasanek, P. and Webb, E. L.Impact of habitat on butterfly dispersal and movement in 
a transformed tropical landscape.  
 
4.1 Introduction 
Butterflies are model organisms for dispersal research (Ehrlich & Hanski 2004), and it has been 
argued that dispersal is probably best documented in butterflies over all other animal groups 
(Stevens et al. 2010). Indeed, a survey by Schultz & Crone (2008) showed that > 80% of 
butterfly biologists and conservationists that participated in the survey found metapopulation 
theory and dispersal important for butterfly conservation. Using metapopulation theory in 
conservation requires a landscape-level approach; an understanding that multiple habitat 
patches are necessary for population persistence and an integration of the dispersal capability 
of species at the landscape-level (Schultz & Crone 2008).  
Landscape-level dispersal patterns and metapopulation theory are being increasingly 
used in temperate butterfly conservation owing to a growing literature on Capture-Mark-
Recapture (CMR) protocol (Mallet et al. 1987) based studies that estimate the dispersal 
distances and movement patterns of temperate butterflies. For example, in guiding landscape 
management of endangered Fender’s Blue Butterfly (Plebejus icarioides fenderi; Schultz & 
Crone 2005) and to identify conservation strategies for a rare South Carolina endemic butterfly – 
Crystal skipper (Atrytonopsis quinteri; Leidner & Haddad 2011; Burns 2015). Research in 
temperate regions has shown the landscape matrix to be a key determinant of species dispersal 
(Baguette & Van Dyck 2007; Bonte et al. 2011) and the colonization probability of butterfly 
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species (Hanski & Thomas 1994). Species with low dispersal capabilities that fail to traverse 
unsuitable habitat patches or colonize new habitat may be particularly susceptible to local 
population extinctions. This can have impacts on long-term metapopulation persistence. Urban 
landscapes may be particularly affected where novel environments are presented to the native 
fauna.  
Yet, few butterfly dispersal and metapopulation studies exist from the tropics with the 
exception of studies that involve specific genus and/or guilds of butterflies such as butterflies of 
genus Heliconius and Ithomiine (e.g., Mallet et al. 1986; Muriel & Kattan 2009) from the 
Neotropics and fruit bait-trap studies that attract mostly nymphalid butterflies (e.g., Hill et al. 
2001; Tufto et al. 2012). Fermon et al. (2003) showed that dispersal distance of frugivorous 
butterflies varied with levels of forest degradation in West Africa. But quantifying dispersal using 
bait traps may not only attract butterflies possibly modifying their dispersal patterns (Marini-Filho 
& Martins 2010) but it may also change the food availability for butterflies in a habitat. 
Studies across multiple butterfly families and guilds are needed to understand how 
ongoing tropical landscape degradation and fragmentation (hereafter ‘transformation’, Hansen 
et al. 2013) and urbanization (Corlett 2013) may alter the dispersal capabilities of butterflies and 
influence landscape-level connectivity. Butterfly connectivity is critical not only to maintain viable 
populations but also to maintain ecosystems services such as pollination. Capturing butterflies 
with an insect net enables sampling relatively equally – at least across butterfly families (Pradel 
1996, Vlasanek et al. 2013) though a particular lack of such studies from exists in Southeast 
Asia (but see Singer & Wedlake 1981). Conducting a CMR study using insect nets is much 
harder in tropical forests because it is difficult to chase butterflies in the dense understory and 
because low density of individuals in a tropical understory makes sampling less productive 
(Vlasanek et al. 2013). Yet, dispersal estimates are needed to parameterize metapopulation 
models and to quantify the impact of landscape transformation and urbanization in the tropics.  
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With this objective, this study compares the dispersal distances of butterfly species 
across forests and urban habitats in the transformed tropical landscape of Singapore. I also 
highlight patterns of butterfly movements within the habitat types and discuss the implication of 
our results for conservation.   
 
4.2 Methods 
This study was conducted in a highly transformed landscape of Singapore that has undergone 
massive habitat transformation in the 19th and 20th century (Corlett 1992). The current 
landscape is representative of a highly urbanized tropical city but which also contains over 3000 
ha of lowland dipterocarp forests and high coverage of “urban greenery” such as managed 
parks, community gardens and park connectors (Yee et al. 2011, NParks 2015) 
 
4.2.1 Study sites and design  
I established plots of size 12-38 ha belonging to two habitat types: forests and urban habitats in 
the Bukit Timah area of Singapore – BTF1, BTF2 and BTF3 and BTU and two urban plots 
(MCU, NSU) in the MacRitchie and Nee Soon areas of Singapore (Figure 4.1, Table 4.1). Forest 
plots were located in primary and secondary lowland dipterocarp forests classified according to 
the vegetation map for Singapore (Yee et al. 2011). Transects were set up in each plot, 
separated from each other by 25 – 100 m, using existing trails whenever possible. The transects 
were walked systematically by two people on days of clear weather between 1000 and 1500 
with an average of 4 hours spent per visit. A distance of 5 m was covered on both sides of the 
transect. BTF2 was smaller in size than other plots (12 ha) and therefore, plot BTF3 was added 
adjacent to BTF2 to cover a sufficiently large and comparable area as other urban plots. BTF2 
and BTF3 could not be logistically merged into a single larger plot due to construction work that 
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separated the two plots. The urban plots were located in housing estates and patches of 
managed vegetation and open grasslands (hereafter ‘managed vegetation patches’) that were 
thoroughly scanned when visited. BTU had 7, MCU had 4 and NSU had 5 such patches each of 
size 0.2 – 4 ha. Existing roads were used as transects in the urban plots whenever possible. 
The six plots were surveyed at different time periods (see Table 4.1) but there was an overlap in 
the sampling time between BTF3 and BTU plots and between MCU and NSU plots. The 
minimum distance between BTF3 and BTU plot was 0.35 km and between MCU and NSU plots 




Table 4.1 Number of marked and recaptured individuals by plots and habitat type to calculate dispersal estimates. Numbers 
in brackets represent the percentage of recaptured individuals in each plot 


















BTF1 Forest 32 144 Feb – Mar 2014 212 21 12 (5.7%) 41 (8) 
BTF2 Forest 12 40 Feb – Mar 2013 170 20 20 (11.8%) 2 (2) 
BTF3 Forest 30 78.5 Nov – Dec 2013 237 13 13 (5.5%) 10 (4) 
BTU Urban 32 27.5 Nov – Dec 2013 88 21 15 (17%) 12 (5) 
MCU Urban 38 120 Jun – Jul 2014 205 30 23 (11.2%) 20 (7) 








Figure 4.1 Capture-mark-recapture (CMR) study sites forest and urban habitats of Singapore. Abbreviations: 
BTF1, BTF2 and BTF3 represent forest plots in Bukit Timah forest; BTU = Bukit Timah Urban, NSU = Nee Soon 
Urban, MCU = MacRitchie Urban #




4.2.2 Capture-Mark-Recapture protocol 1"
A standard Capture-Mark-Recapture (CMR) protocol was used to estimate the dispersal 2"
distances of butterflies. Butterflies were captured using a standard insect net in the 6 3"
plots. Captured individuals were marked on the underside of the wing using a fine point 4"
marker pen (STAEDTLER Lumocolor permanent pen 318), each individual with a 5"
specific code and then released. This method is widely used and has been shown not to 6"
damage individuals (Mallet et al. 1987) or affect recapture rates (Morton 1982). For each 7"
capture or recapture of an individual, the date, time, age (estimated from wing tear on a 8"
scale of 1-5), and GPS location were recorded. During recaptures, I did not net the 9"
butterfly to avoid stressing it if the marked code could be easily read with the naked eye 10"
or using binoculars.   11"
 12"
4.2.3 Dispersal distances  13"
Dispersal distance of an individual was calculated as the linear distance between its 14"
original marked location and the recaptured location. Same-day recaptures were not 15"
considered in the analysis. Home range size of recaptured individuals was not estimated 16"
because recapture rates were low (1.34 ± 0.78 recaptures per individual). At low 17"
recapture rates, home range estimates tend to be sensitive to sample size, and dispersal 18"
distance estimates work better than area estimates (Aguero et al. 1988). Butterfly 19"
movements were mapped out for each plot based on the recapture locations. The 20"
frequency distribution of the dispersal distance of recaptured butterflies was plotted 21"
using histogram plots and compared across forest and urban habitats using Kruskal-22"
wallis tests.   23"
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Figure 4.2 Marked and recaptured butterfly locations at the study sites – (a) BTF1 (b) 
BTF2 and BTF3 (c) BTU (d) MCU (e) NSU. See Figure 1 for abbreviations. Pair of full and 
empty circles shown adjacent to each other represents the marked and recaptured locations of 
a butterfly. Arrows were shown only for individuals that had recaptures not adjacent to their 
original marked location. Blocks of empty areas in BTF1 where no butterflies were marked was 








  4.2.4 Regressions with dispersal distance  
I performed linear regressions to examine the relationship between dispersal distance and the 
following variables: habitat type, wingspan, relative flight mobility (hereafter ‘mobility’) of species 
and days after which recapture occured. The mobility of each species was estimated based on a 
scale of 1-10 by three local butterfly experts (Gan C. W., Chan S. K. M., Yea T. K.) where ‘1’ 
represented a sedentary species and ‘10’ an extremely mobile species. Average values across 
expert responses were used in the analysis. Forewing length of butterflies was measured from 
photographs of pinned specimens in Corbet & Pendlebury (1992). Dispersal distance was log 
transformed and continuous variables were centered on mean and scaled by dividing by two 
times of the standard deviation in the regressions (Gelman 2007).  
 
4.3 Results 
I marked a total of 982 individuals of 63 butterfly species (5 families, 42 genera) across 6 plots. 
Of these, a total of 130 recapture events of 97 individuals belonging to 17 butterfly species (5 
families, 15 genera) were recorded (Table 4.1). The recapture rates were only 7.3% in the forest 
plots (average of BTF1, BTF2, and BTF3) and 14.3% in the urban plots (average of BTU, MCU, 
and NSU). NSU had the highest recapture rate of 20.7% among all the plots. Of the 97 
recaptured individuals, 45 were in forests and 52 in urban plots (see Table 4.S1, Table 4.S2 for 
actual recapture distances). Of the 17 recaptured species, Eurema sari had most recaptures in 
forest habitats (n = 28 individuals) while Acraea violae had most recaptures in urban habitats (n 
= 12 individuals). Only 7 species had ≥ 5 recaptures (Table 4.2). The mean dispersal distance 
across species was 53 ± 71 m. The longest dispersal distance was of Eurema sari at 374 m in 
BTF3 plot (see Table 4.S1) and the longest time period after which an individual was recaptured 
was of Junonia hedonia at 28 days in MCU plot (see Table 4.2, Table 4.S2).  
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Table 4.2 Dispersal distances, relative mobility values and the number of recaptures for 17 recaptured butterfly species. 
Relative mobility of butterfly species were scored on a scale of 1 – 10 (‘1’ being extremely sedendary, ‘10’ being extremely mobile 
species). Acronyms: SD = Standard deviation  
  






















Mean ± SD Mean ± SD 
Eurema hecabe Forest & urban 56 6 5 68 ± 51 5 18 6.2 ± 7.4 
Eurema sari Forest 198 29 29 72 ± 86 5 13 3.8 ± 3.8 
Mycalesis  orseis Forest 10 13 4 49 ± 17 2.67 10 9 ± 2.0 
Eooxylides  tharis Forest 56 4 4 27 ± 27 2.67 10 7.5 ± 3.0 
Papilio  polytes Forest 40 2 2 258 ± 198 7.67 8 8 ± 0.0 
Athyma  kanwa Forest 4 1 1 40 5 2 2 
Iambrix salsala Forest 5 1 1 29 2.33 7 7 
Jamides celeno Forest 5 1 1 34 2.67 1 1 
Tanaecia pelea Forest 24 1 1 47 5 1 1 
Zeuxidia  amethystus  Forest 7 1 1 5 3.33 15 15 
Acraea  violae  Urban 32 22 12 38 ± 22 6.33 21 2.7 ± 1.8 
Elymnias  hypermnestra  Urban 41 17 11 14 ± 10 3.67 23 3.7 ± 4.0 
Junonia hedonia Urban 106 11 9 61 ± 94 4.33 28 10.8 ± 10.0 
Junonia almana Urban 47 11 8 49 ± 40 4.67 14 6.5 ± 6.4 
Appias libythea Urban 60 6 5 16 ± 11 6 14 2.2 ± 2.0 
Junonia orithya Urban 12 3 2 59 ± 54 4.67 6 3.5 ± 3.5 
Hypolimnas anomala Urban 7 1 1 9 4.33 2 2 





4.3.1 Dispersal patterns within and across plots 
No apparent pattern of butterfly movements was discernible in the forest plots by visual 
inspection (Figure 4.2). However, the majority of butterfly movements in the urban plots were 
restricted to managed vegetation patches. Inter-patch movement in urban plots was low - only 
three recaptures were made outside of managed vegetation patches (two individuals of Eurema 
hecabe and Junonia orithya in MCU plot and one individual of Junonia hedonia in NSU plot) and 
the recaptured butterflies appeared on-route to the nearest vegetation patch. Also, no inter-plot 
movements were recorded even though sampling times for BTF3 and BTU plots and MCU and 
NSU plots overlapped. 
 
4.3.2 Factors affecting dispersal distance  
Dispersal distances of butterflies in forest and urban habitats were significantly different 
(Kruskal-wallis test: χ2 = 5.2, p= 0.02, n = 97 recaptures; Figure 4.3, Figure 4.4). However, the 
mobility of recaptured butterflies between the two habitat types was not significantly different 
(Kruskal-wallis test: χ2 = 0.006, p= 0.94, n = 97 recaptures). Twenty percent of recaptured 
butterflies in forest habitats moved > 100 m whereas only 5.8% of butterflies in urban habitats 
moved > 100 m (Figure 4). 
 Simple linear regressions (Table 4.3) showed that dispersal distance in urban habitats 
was negatively associated when compared with dispersal distance in forest habitats. There was 
a marginally positive association between mobility and dispersal distance, and the interaction of 
habitat type and mobility with dispersal distance had a negative effect, however, there was 
uncertainty in this relationship. Wingspan was marginally negatively associated with dispersal 
distance for all recaptured individuals (Table 4.3). However, no correlation was observed 
between average wingspan and average dispersal distance of each butterfly species (Pearson’s 
R = 0.28, p = 0.27, n = 17). There was also a positive association between days of recapture 
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and dispersal distance though this relationship had high uncertainty. There was no association 
between wing tear and dispersal distance (Table 4.3).  
 
Table 4.3 Relationship between dispersal distance of 97 recaptured individuals of 17 
species and potential correlates using simple linear regressions. Dispersal distance was 
log-transformed and continuous variables (wingspan, mobility and days) were scaled and 
centered on the mean   
 
Variable Log (Dispersal distance) 
Coefficient (±95% CI) 
Days 0.31 (-0.13, 0.75) 
Wing tear -0.03 (-0.32, 0.25) 
Wingspan -0.41 (-0.77, -0.05) # 
Mobility 0.42 (0.06, 0.78) # 
Habitat type (urban w.r.t. forest) -0.52 (-0.94, -0.09) * 
Habitat type (urban w.r.t. forest): Mobility -0.37 (-1.21, 0.48) 
 
Values in parantheses correspond to 95% confidence intervals (CI). * p <0.05, # p < 0.1. For marginally significant 




Figure 4.3 Dispersal distances for 97 recaptured individuals of 17 species across forest 
(N = 45 individuals) and urban (N = 52 individuals) habitats. Bars indicate standard errors of 
the mean. Difference between means is statistically significant (Kruskal-wallis test: χ2 = 5.2, 





Figure 4.4 Histogram plot showing the frequency distribution of the dispersal distance of 
recaptured butterflies in forest and urban habitats. 
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4.4  Discussion  
4.4.1 Impact of habitat on dispersal distances  
Decrease in overall dispersal distance of the butterfly community from forest to urban habitats 
suggests that the landscape matrix could be responsible for shaping dispersal patterns of 
tropical butterflies and that particular habitats offer benefits for species with certain dispersal 
characteristics. Differences in the mobility of butterflies may also lead to differences in dispersal 
distances between habitats. However, because the average mobility of butterflies in forest and 
urban habitats were similar and there was no association between dispersal distance and the 
interaction of habitat type and mobility in the regression model; this suggested that the observed 
difference in dispersal distances between urban and forest habitats was a real effect of the 
landscape and not an artifact of the differences in the mobility of the recaptured butterflies.   
Lower recapture rates in forests in comparison with urban habitats were also indicative 
of the dispersal trends between forest and urban habitats because lower recapture rates 
indicate better dispersal (Hill et al. 2001). Lower recapture rates in forests may partly also be 
due to greater chances of human error in missing capture of species in the dense vegetation of 
a tropical forest.       
 
4.4.2 Impact of urbanization on butterfly dispersal  
In urban plots, low inter-patch movements and smaller dispersal distances were observed and 
movements of butterflies seemed restricted to patches of managed vegetation. The abundance 
of butterflies outside the managed vegetation patches was also much lower than inside the 
patches. These results suggest that few individuals actually reside in the urban matrix outside 
the managed vegetation patches but may occasionally use the matrix to move betweeen small 
favorable patches of managed vegetation. Therefore, managed vegetation patches can be 
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considered as fragments of suitable habitat surrounded by a matrix of non-habitat. 
Fragmentation literature has shown that dispersal in temperate butterflies can be depressed in a 
fragmented habitat (Schtickzelle & Baguette 2003, Schtickzelle et al. 2006). Schtickzelle et al. 
(2006) compared the dispersal propensity of Proclossiana eunomia butterfly in four types of 
meadow habitats in Belgium and found that the relunctance of individuals to cross habitat 
boundaries increased as habitats became more fragmented. When individuals dispersed in a 
fragmented matrix, they flew straigher in the matrix to reduce predation events and thereby, 
improve survival (Schtickzelle et al. 2006). This explains why I observed straight line path 
movements between patches and low inter-patch movement in the urban plots.   
Marin et al. (2009) compared the migration patterns (rates of immigration, emigration 
and residence) of frugivorous butterflies using fruit-bait traps between secondary forest patches 
of varying canopy cover in Chiapas, Mexico but found no significant difference. Lack of 
replication across habitat types may have influenced Marin et al. (2009)’s results. Importantly, 
91% of recaptures were within 100 m implying the butterflies were sedentary and did not move 
frequently outside their favorable habitat patches in the Mexican landscape. The remaining 9% 
of recaptures moved through the agricultural landscape matrix (Marin et al. 2009). Our result of 
extremely low rates of movement between patches of managed vegetation in the urban matrix 
suggests that the urban matrix may have higher resistance to butterfly movement than an 
agricultural landscape matrix. The matrix outside the managed vegetation patches was 
supplemented with roadside ornamental plantings. Yet, butterflies perceived this matrix as one 
of inferior quality. The lack of appropriate microclimate, lack of larval host plants or use of 






4.4.3 Limitations of this study  
My results had several limitations particularly small difference in dispersal distances between 
habitat types, high variability of dispersal distance between species and within habitats and the 
possibility of potentially important factors other than mobility that could affect dispersal distances 
that were not accounted for in this study. For example, it is possible that rainfall, which tends to 
influence seasonality more than temperature in the tropics, and wind directions could have 
contributed to observed differences in butterfly dispersal across sites because some sites were 
studied at different times of the year. But I could not account for seasonal differences (if any) 
because the impact of seasonality on butterflies remains poorly documented in Singapore. 
Quantifying the influence of seasonality on dispersal patterns of tropical butterflies is an 
important area for future research in this region. In spite of the limitations of our results, the 
quantification of butterfly dispersal distances alone in Southeast Asia is useful in parameterizing 
metapopulation models and planning of corridors to facilitate connectivity of populations 
between patches and avoid paper corridors in Southeast Asia (Jain et al. 2014).  
 
4.4.4 Difficulties in quantifying and comparing dispersal distances in tropical habitats 
I had to compare the overall dispersal distance of the butterfly community between habitats 
because it was not possible to choose a target species that was sufficiently abundant in both 
habitat types to obtain high recapture rates. For example, butterflies of genus Junonia (e.g., 
Junonia hedonia and Junonia almana) were abundant in urban areas but were found in low 
densities or were absent in forest habitats. Even congenors had vastly different abundances 
across habitat types (e.g., Eurema hecabe was abundant in urban habitats but Eurema sari was 
abundant in forest habitats) leading to insufficient recapture rates in at least one of the study 
habitats. Such large differences in the community compositions of butterflies between habitats 
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were likely due to a huge contrast between forest and urban habitats in the tropics (Corlett 
2013).  
Recapture rates were low particularly in forest habitats. Because the scale of the study 
can affect dispersal estimates of species (Scheider 2003), large plots were established to obtain 
realistic dispersal estimates. However, covering large plots meant lower sampling effort per unit 
area which could have contributed to low recapture rates. Only ~ 10% of individuals were 
recaptured in spite of 450 hours (~ 112 days) of sampling effort. Vlasanek et al. (2013) reported 
that after 232 person-days of sampling in Papua New Guinean forests, they could only 
characterize dispersal for one-third of the species present. Low species abundance also tends 
to result in low recapture rates. Butterfly abundance (not diversity) in Singapore’s forests is 
generally lower than other similar forest habitats in Southeast Asia (A. J. pers. obs.), which may 
be why recapture rates in our study were particularly low. Vlasanek et al. (2013) reported a 
recapture rate of 22.2% from tropical forests in Papua New Guinea but of that two-thirds of the 
total captures were of a single highly abundant species. These observations do confirm the 
difficulties of CMR studies in tropical habitats. Perhaps an even longer sampling time and more 
intense sampling effort was necessary to get high recapture rates for intraspecies comparisons 
across habitats and to record migrants between plots.  
  
4.4.5 Conservation implications 
While limitations exist, this may be one of the few studies (if not the first) to examine the impact 
of urbanization on dispersal distances of butterflies beyond fruit-feeding butterflies in a tropical 
landscape. My finding that dispersal distance of the butterfly community reduces with tropical 
urbanization and that butterflies have low inter-patch movement in a tropical urban landscape, 
has important conservation implications. Dispersal propensity can have a heritable basis 
(Merckx et al. 2003), implying that the observed impacts of urbanization may be long-lasting. 
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Reduced long-term dispersal, as observed in urban habitats, may be precarious for 
metapopulation persistence (Hanski et al. 1995). This has implications for corridor design that 




Chapter 5: Habitat mapping, preferences and enrichment tradeoff for 
two threatened tropical butterfly species  
 
5.1 Introduction 
Most conservation efforts for tropical butterflies are directed towards habitat protection 
(Bonebrake et al 2010, New et al. 1995) due to the lack of species-level data sets that are 
necessary for formulating species-specific conservation strategies. Yet, habitat loss continues 
and many tropical butterflies continue to face a precarious future (Koh 2007). Many rare tropical 
insects cannot maintain their own populations and need intervention for the species to recover 
their numbers – just maintaining their native habitats or resources is not sufficient (Schultz & 
Chang 1998; Schultz & Dlugosch 1999).  
  Lessons from management strategies devised for temperate butterflies are usually not 
applicable as they are specific to a particular habitat type (like grasslands) or ecosystem (Crone 
& Schultz 2003, Baguette et al. 2011). Population recovery studies in the tropics have rarely 
looked beyond documenting the loss and recovery of butterflies due to natural cataclysmic 
events like forest fires and droughts (Cleary & Mooers 2004, Dunn 2004). Therefore, there is a 
need to design and test enrichment strategies for tropical butterflies to restore populations for 
conservation management. Designing such a strategy is complex because a-priori knowledge of 
the species is needed; such as knowledge of species biology, habitat range, and dispersal, 
habitat requirements and an understanding of species survival in potential enrichment locations 
(Schultz et al. 2008). 
  In this study, I investigate two threatened but related butterflies in Singapore – Common 
Birdwing (Troides helena cerberus, hereafter ‘BW’) and Common Rose (Pachliopta aristolochiae 
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asteris, hereafter ‘CR’) both of which are of particular importance. Birdwings are one of the most 
charismatic groups of butterflies in the tropics and the sub-tropics. Their host plants are forest 
vines of the genus Aristolochia, Pararistolochia and Thottea (family Aristolochiaceae) that 
contain toxic aristolochic acids. These acids are ingested by caterpillars along with the leaves, 
making them unpalatable to potential predators (Matsuka 2001). Globally, all Birdwing species 
are CITES listed because of their high ornamental value and trade of this group of butterflies 
(UNEP-WCMC 2007). In Singapore, BW is the largest butterfly species and the only CITES-
listed butterfly species (Khew 2010). CR was voted as the people’s choice of the national 
butterfly of Singapore in 2015 (Zengkun 2015) and is an iconic species for the country. CR has 
hence, gathered much public interest and has the potential to serve as a flagship species for 
invertebrate conservation.  Both BW and CR butterflies were listed as ‘endangered’ in the 
Singapore Red Data book version 1 (Ng & Wee 1994). In 2008, BW and CR were downgraded 
to ‘vulnerable’ status (Singapore Red Data book version 2: Davison et al. 2008) because of 
plantings of their larval host plant by butterfly enthusiasts in Singapore which lead to an 
unquantified increase in butterfly numbers since the 2000s. The conservation status 
assessments of 1994 and 2008 were based on expert opinion (S. Neo and Khew S. K. pers. 
comm.) and quantitative data on these species has been lacking.  
 In their natural habitat, Troides and Pachliopta butterflies tend to use different host 
plants and are usually studied as separate plant-insect interaction systems. In Singapore, BW 
and CR share a single non-native host plant Aristolochia acuminata due to the extirpation of 
their native host plants (discussed in detail in the Methods section). This provides an added 
(and rare) opportunity to study the interactions between BW and CR on a single shared 
resource.  
In this study, I map the distribution of BW and CR butterflies and of their preferred host 
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plant in Singapore to identify the potential source populations for the two butterfly species and 
infer their seasonal trends in Singapore. The aim here is to assess whether BW and CR 
populations are widespread and therefore, sustainable across Singapore as a result of previous 
host plantings. I also build generalized linear models to examine the relationship between 
butterfly abundance and habitat preferences of the two species. Next, I conduct an enrichment 
experiment in forest and urban habitats by placing the host plants of BW and CR. The host plant 
utilization rate and juvenile survival of the two butterflies on experimental plants were assessed. 
Finally, I discuss potential enrichment locations for CR and BW based on my results. 
 
5.2 Methods  
5.2.1 Host plants of study species  
BW and CR species use Aristolochia acuminata (Figure 5.S1) that is believed to be their 
preferred host plant in Singapore (Khew 2010, A. J. pers. obs.), Peninsular Malaysia (Corbet & 
Pendlebury 1992; Fleming W. A. 1991, Yao T. L. 2015 pers. comm.) and in parts of Indonesia 
(Igarashi & Fukuda 1997). However, A. acuminata is considered non-native in Singapore that 
was introduced for its ornamental value (Chong et al. 2009). In fact, the only known species 
from genus Aristolochia native to Singapore is Aristolochia jackii which is locally extinct. BW, 
which may have utilized its native host plant A. jackii in the past, is hypothesized to have 
survived extinction by relying on the introduced A. acuminata, as A. jackii went extinct in 
Singapore. BW now entirely seems to depend on A. acuminata as its only host plant in 
Singapore. CR however, has a wider host plant range and is believed to also utilize a native 
Thottea species (Thottea praetermissa). However, this plant is very rare and only known from 
one locality in the western catchment forest of Singapore. Therefore, practically speaking, CR is 






5.2.2 Data collection for habitat mapping  
Field surveys by A. J. and other experts (A. J. pers. comm.) across multiple sites and habitats 
conducted over multiple years in Singapore suggest that BW and CR may have an asymmetric 
distribution clustered around its planted host plants. Therefore, a spatially randomized survey 
effort was likely to be inefficient. I resorted to expert knowledge (~ 30 local butterfly experts 
including A. J.) to identify survey locations where there was a higher likelihood of BW or CR 
sightings (Table 5.S1, Figure 5.S2) – these included areas where BW and CR have been 
previously recorded, areas with known and probable host plants as well as potential locations 
based on perceived habitat requirements of BW and CR by local experts. The abundance of BW 
and CR between years 2010 – 2014 was compiled across these sighting locations (Table 5.S1, 
Figure 5.1a). Known locations of A. acuminata were compiled with the help of local plant 
experts, relevant personnel from National Parks Board (Singapore) and Singapore Botanic 
Gardens Herbarium records (Singapore Herbarium Online 2015). The locations were ground-
truthed between years 2013-2014 to confirm if A. acuminata was still found there (Figure 5.1b). 
Butterfly and plant surveys were spread across 125 locations, however, locations with less than 
5 hours spent were not analyzed. One hundred and nine locations with a total of 4,526 hours of 
surveys effort were retained in the analysis (Table 5.S1).  Each location covered an average of 
100 m in transect length and a width 2.5 m on both sides of transect. Minimum distance 
between two locations was 400 m. Nectar plants within 250 m of a sighting location were ground 
truthed and categorized as high, medium or low to estimate the relative nectar abundance 
between locations. The frequency of butterfly sightings at a location was calculated by dividing 
the butterfly abundance by the survey effort for that location (Table 5.S1).  
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 Based on field experience, locations where more than 10 BW or CR adults were sighted 
and sighted consistently (with an average sighting frequency > 0.35 individuals per hour) were 
classified as source populations (Figure 5.2). Nine locations were identified as source 
populations and an additional five as probable source populations. Probable source populations 
had lower average sighting frequency but either ~ 10 BW or CR adults were sighted or historic 
sighting records have been recorded from that location.  Because no dispersal studies have 
been conducted on BW and CR butterflies to my knowledge, I used dispersal estimates from 
Byasa impediens (Pink-spotted Windmill, Family: Papilionidae), a species phylogenetically 
related to CR and with similar life-history characteristics to identify clusters of source 
populations that might be interacting with each other. Byasa impediens has been found to 
disperse up to 5 km in mark-recapture studies in China, though the dispersal probability of 
species reduced by 80% within 1 km and by 90% within 2 km from the source patch (Li et al. 
2012). Dispersal estimates of B. impediens were used as a conservative estimate of BW 
dispersal capability.   
 Land use at the survey locations was calculated based on the area occupied by each of 
the four land use class layers – water, forest, managed vegetation, and non-vegetated cover 
(based on the definitions of land use in Singapore by Yee et al. 2011) within buffers of three 
different radii (250 m, 500 m and 1000 m) from the survey location. Calculations were done 
using Spatial Analyst extension in ArcGIS (ESRI) version 9.3.1. Land use values for different 
radii (250 m, 500 m, and 1000 m), however, turned out to be collinear, so values at 250 m were 
only used in the final analysis.  
  Seasonal patterns for BW and CR were inferred based on sighting records across 
months. However, survey intensity varied every year during the survey period (2010-2014) so 
we could not verify seasonal patterns over the years. Reported trends across months were, 






Figure 5.1 a) Combined sightings of Common Birdwing and Common Rose butterflies b) 
Larval host plant locations across habitat types in Singapore from years 2010 – 2014. 







Figure 5.2 Interaction between identified (n=9) and probable (n=5) source populations for 
Common Birdwing and Common Rose butterflies in Singapore. See Table 5.S2 for 
description of the source populations 
 
 
5.2.3 Models to examine habitat preferences   
I generated univariate and multivariate generalized linear models GLM (‘lme4’ package; Bates 
2015) to examine the relationship between BW and CR abundance (log-transformed) as 
dependent variable and the following variables at each sighting location as independent 
variables: habitat type, survey effort, relative nectar abundance within 250 m (high, medium, 
low), host plant presence within 250 m (presence/absence), distance from nearest source 
population (in km), ordinal variables with presence of source population within 250 m, 500 m, 1 
km, 2 km and 5 km and percentage of water cover, forest cover, managed vegetation cover, 
non-vegetated cover within 250 m. The presence of source population within 250 m was 
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collinear with the presence of source population within 500 m and 1 km, so 500 m and 1 km 
distances were removed. Continuous variables were centered on mean and scaled by dividing 
by two times of the standard deviation in the model (Gelman 2007). Multivariate GLM models 
with the lowest AIC values and highest explanatory power were retained as the final models. 
Issues with heterogeneity of variance were detected using generalized least squares (GLS) 
models but they could not be corrected with the available variance structures (varFixed, 
varIdent, varPower, and varExp – package ‘nlme’, Pinheiro et al. 2015). Spatial correlation was 
detected in the GLS model (function ‘Variogram’, package ‘nlme’, Pinheiro et al. 2015) but it also 
could not be corrected using the available correlation structures (corSphere, corRatio, corGaus, 
corExp, corSpatial).  Therefore, the GLS models were discarded. All statistical analyses were 
performed using R software (R Core Team 2015). 
 
5.2.4 Enrichment plantings 
I conducted an enrichment experiment by placing potted host plants in the Dairy Farm and 
MacRitchie areas in Singapore. The planting locations were selected based on the presence of 
BW or CR sightings from the area and proximity to source populations of DFN and WFU 
respectively (see Table S1, S2). Only the MacRitchie experiment is discussed in detail in this 
paper. Dairy Farm experiment received no oviposition and the reasons for this are discussed 
later. Host plants in the MacRitchie area were placed in two habitat types: young secondary 
forests and urban (low-rise residential) areas with 14 plantings stations (hereafter ‘stations’) in 






Figure 5.3 Enrichment plantings at MacRitchie area. The nearest source locations were 
WNU and JBG. Each planting station comprised of five potted host plants (average height of 
each plant was ~ 0.5 m) placed in forest habitat (black triangles) and in urban habitat (empty 
squares) 
 
It was not possible to conduct enrichment plantings in primary and mature secondary forest 
habitats because the planting of A. acuminata within the nature reserves was not permitted. 
Locations for enrichment plantings in the two habitats were kept close to each other to minimize 
the effect of distance from existing source populations. Each station consisted of five potted host 
plants placed adjacent to each other. Stations were 100 – 150 m apart from each other to 
maximize spatial independence, yet keeping the distances between stations logistically 
manageable (Figure 5.3). The host plant in each pot had an average height of 0.4 - 0.5 m at the 
time of planting. Each pot had a diameter of six inches and was allocated one support stick of 1 
m length to provide support for the host plant. The plants were deployed in the field in October 
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2012 and left for a period of 16 weeks (till January 2013). In its native habitat, A. acuminata is a 
forest climber and seems to do well in semi-shaded habitats (pers. comm. with Yao T. L. 2015 
from Pen. Malaysia). Hence stations in urban areas were placed in semi-shaded habitats 
wherever possible and within a distance of 1 - 3 m from trails in the secondary forest habitat for 
easy access. Canopy cover at the planting stations was measured using a spherical 
densiometer. One transect of 100 m (randomly chosen) was surveyed within the vicinity of each 
station and the number of nectar plants with open flowers were counted within 2 m width of the 
transect. I could not measure the temperature and relative humidity during the enrichment 
experiment, however, both these environmental variables were measured from three habitats 
during months of Jun – Nov 2014 for comparison using Center 315 humidity-temperature meter 
that had a resolution 0.1% RH and 0.1°C (Table 5.S4).   
 
5.2.5 Data collection for host plant utilization and juvenile survivorship  
All enrichment stations were visited once a week for a period of 16 weeks after the planting of 
host plants between 0900 to 1700 hours. During each visit, the plants were thoroughly checked 
on the stems and undersides of every leaf. Any eggs, larvae (1st to 5th instar), pupae or pupae 
remnants (collectively referred to as ‘juveniles’ hereafter) found were recorded (Figure 5.S4). 
Resting lengths of each larva seen on the plants were measured with a vernier caliper and the 
instar stages were determined based on the size classes listed in Tan & Khew (2012). An 
individual larva that was present at a station on one week was assumed to be the same 
individual or the same individual that had grown by one or two instar stages in the following 
week (similar methodology to Rausher 1980). When a previously recorded larva was found to 
be missing on the next visit, neighboring vegetation of ~1 m radius was searched with similar 
search intensity as the host plant. If the larva was not found, it was assumed to be dead. Larvae 
were generally sedentary and did not crawl far away from the plants that they had hatched on, 
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except for the 5th instar larvae that became quite mobile in search of a pupation site. Since the 
disappearance of 5th instar larvae cannot be linked to predation alone, I limited the analysis of 
juvenile survivorship from the egg stage to the 4th instar larval stage. To monitor the growth of 
host plants, the number of leaves at each station that was more than ~ 2 cm in length were 
counted every week. Potential predators of eggs and larvae were recorded.  
A host plant station was considered utilized if an oviposition event was recorded from that 
station. The number of eggs and newly hatched larvae at each station were counted. Larvae, 
upon hatching, usually eat the egg casing before feeding on the leaves of the host plant (Tan 
and Khew 2012). Thus, besides the presence of eggs, the presence of new larvae on the plant 
was also used to indicate a new oviposition event. Kruskal-Wallis test was conducted to 
determine if there was a significant difference in the number of utilized stations and the number 
of eggs laid between the two habitats. Larval survival at each life stage was calculated as the 
number of larvae recorded at that stage divided by the total number of eggs laid. Fisher’s exact 
test was used to determine if larval proportions at each stage were different between habitats. 
Univariate regressions were run between host plant utilization and canopy cover, host plant leaf 
count and the number of nectar plants to determine which factors contribute to host plant 
utilization in each habitat.      
 
5.3 Results 
Overall, ~ 51% of locations surveyed in each habitat type had the presence of BW or CR (Table 
5.1). Urban parks had the highest combined abundance of both the butterflies followed by forest 
habitats. Private gardens had the highest proportion (21/38 locations) of host plant locations but 
the lowest abundance of BW among the three habitats (Table 5.1, Figure 5.1). CR abundance 
was marginally higher in private gardens than forested areas. Correlation between BW and CR 
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abundance across locations was moderately strong (Pearson’s R = 0.53, p < 0.0001).  
  Nine locations were classified as source populations across different habitat types 
(Table 5.1, Table 5.S2). Among habitats, urban parks had the highest number of source 
populations (n=6) and also the biggest source populations with > 50 sightings: JBG-EVO and 
UBH (Figure 5.1a).  Two source populations (DFN and CLW) were present in forest habitats but 
these were unlikely to be wild populations. Repeat sightings from DFN and CLW populations 
may be due to an unknown host plant patch that could have been planted in the vicinity of the 
forest habitat. An additional five locations were also classified as probable source locations 
(Table 5.1, Table 5.S2). The locations of Windsor (location WNU) and Tengah (location TFM) 
were classified as probable source populations even though the sighting frequency was low 
compared with other source locations (Table 5.S2) because regular sightings have been 





Table 5.1 Abundance and presence of Common Birdwing (BW) and Common Rose (CR), presence of host plants and 
source locations across habitat types. Numbers in parentheses were locations whose classification as source locations was 
uncertain.  

















BW or CR 
Forest 1789 82 14 48 2 2 21 8 24 
Urban parks 1045 157 117 30 15 6 15 10 16 
Private gardens 1692 40 49 31 21 2 (5) 12 11 16 
TOTAL 4526 279 180 109 38 10 (5) 48 29 56 
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5.3.1 Clustering of source populations across Singapore  
Assuming a comparable dispersal capability for the BW and CR as the Byasa impediens (see 
Methods for details), the source populations in Singapore were grouped into four population 
clusters – northern, western, central, and eastern cluster (Figure 5.2). The northern cluster 
comprised of KTP and SCC; the western cluster comprised of NTU and Tengah (TNA); the 
central cluster comprised of Zoo, DFN, Windsor (WNU), CLW, JBG-EVO, Istana, AHG-HOR, 
VPC and Imbiah and the eastern cluster comprised of Pulau Ubin (UBH). The central cluster 
seemed to form the biggest population that comprised of nine potentially interacting source 
populations with a minimum distance of 3.4 km and a maximum distance of 4.9 km between the 
interacting populations. The western and central clusters were separated by 7.3 km, northern 
and central clusters by 5.8 km, northern and eastern clusters by 12 km and the central and 
eastern clusters by 17 km.  
 
5.3.2 Seasonality of BW and CR 
Aggregated over the study period, BW and CR adults were recorded in all 12 months of the year 
across survey locations. CR larvae were also recorded in all 12 months therefore, CR bred in 
Singapore throughout the year. However, BW larvae were recorded in 9 months of the year with 
no records in March, May, and August (Table 5.S3). CR has a juvenile life-cycle (time from egg 
laid to adult emergence; Figure 5.S4) of 27-28 days (Tan & Khew 2012) while BW has a longer 
juvenile life-cycle of ~ 40 days. Across months, populations seemed to peak in February-May for 
both BW and CR (Figure 5.4a-c). However, BW population seems to drop in August-October 
while CR population seems to drop in August-December (Figure 5.4a-c). It should also be noted 
that fluctuations in populations across months were not just observed locally in one population 





Figure 5.4 Abundance of Common Birdwing (BW) and Common Rose (CR) butterflies 
across months – (a) at all locations (b) at source locations only (c) abundance at source 
locations divided by survey effort (in hours) and (d) proportion of source locations with Common 




5.3.3 Factors affecting adult BW and CR abundance  
The multivariate models (Table 5.2) showed that abundance of BW was positively associated 
with the presence of source population within 250 m, percentage of water cover within 250 m, 
nectar plant abundance within 250 m and the percentage of managed vegetation cover within 
250 m. The abundance of BW was negatively associated with distance from the nearest source 
population. The abundance of CR was positively associated with the presence of source 
population within 250 m, percentage of managed vegetation cover within 250 m, survey effort. 
Abundance of CR was negatively associated with distance from nearest source population and 
the interaction term between survey effort and distance from the nearest source population.  
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Table 5.2 Habitat preferences of Common Birdwing (BW) and Common Rose (CR) butterflies based on the relationship 
between land use at each sighting location, relative nectar abundance and distances from source locations with butterfly abundance. 
Abundance was log-transformed and continuous variables were scaled and centered on the mean  
  
 Log (Abundance) of Common Birdwing (BW)   Log (Abundance) of Common Rose (CR) 
 Univariate  Multivariate  Univariate  Multivariate 
Variables Coefficient (± 95% CI)  Coefficient (±95% CI)  Coefficient (± 95% CI)  Coefficient (± 95% CI) 
Habitat type Private garden: Forest -0.1 (-0.51, 0.3)  -  0.36 (0.01,0.71) *  - 
Habitat type Urban park: Forest 0.23 (-0.19, 0.64)  -  0.56 (0.2, 0.91) **  - 
Nectar abundance within 250m 0.42 (0.21, 0.62) ***  0.23 (0.08, 0.39) **  0.32 (0.13, 0.51) ***  - 
Host plant presence within 250m  0.3 (0.13, 0.47) ***  -  0.39 (0.25, 0.54) ***  - Survey effort: Distance from nearest source 
population -0.09(-0.29, 0.12) #
- 
#
-0.25 (-0.42, -0.07) ** 
#
-0.26 (-0.38, -0.14) *** 
Survey effort (Hours) 0.13 (-0.21, 0.47)  -  0.43 (0.13, 0.73) **  0.28 (0.1, 0.47) ** 
Distance from nearest source population (km) -0.25 (-0.35, -0.15) ***  -0.1 (-0.18, -0.03) **  -0.21 (-0.3, -0.12) ***  -0.1 (-0.16, -0.04) ** 
Presence of source population within 250 m  0.92 (0.74, 1.11) ***  0.72 (0.54, 0.92) ***  0.82 (0.65, 0.99) ***  0.65 (0.49, 0.8) *** 
Presence of source population within 2 km 0.34 (0.15, 0.52) ***  -  0.27 (0.1, 0.44) **  - 
Presence of source population within 5 km  0.3 (0.012, 0.61) *  -  0.17 (-0.11, 0.44)  - 
Percentage of water cover within 250 m 0.51 (0.18, 0.84) **  0.38 (0.17, 0.6) ***  0.26 (0.01, 0.52) 
#  - 
Percentage of non-vegetated cover within 250 m -0.38 (0.71, -0.04) *  -  0.09 (-0.21, 0.4)  - 
Percentage of managed cover within 250 m  0.14 (-0.2, 0.48)  0.38 (0.01, 0.76) *  0.65 (0.36, 0.93) ***  0.45 (0.27, 0.64) *** 
Percentage of forest cover within 250 m 0.14 (-0.2, 0.48)  0.75 (0.36, 1.14) ***  -0.48 (-0.77, -0.18) **  - 
 
Values in parantheses correspond to 95% confidence intervals (CI). For marginally significant variables, 90% confidence intervals are shown. *** p<0.001, **  





5.3.4 Outcome of enrichment experiment  
CR females were observed ovipositing within the first week of deployment of host plants at two 
stations (Figure 5.S3). Subsequently, CR juveniles of all stages were recorded on the host 
plants at different stations (Figure 5.S4). Across habitats, CR utilized 9 out of 14 urban stations 
but only 2 out of 14 forest stations in 16 weeks. The number of eggs (n = 184) laid by CR in 
urban areas were also much higher than the number of eggs (n = 15) laid in the forest habitat. 
BW utilized only one urban station during the study period and only 3 BW oviposition events 
were recorded (n=25 eggs) on this station which was during weeks 13-15. Due to small sample 
size, BW data was not included in the enrichment experiment analysis.  
Across all stations combined (Table 5.4), utilization of a station was negatively 
associated with canopy cover and marginally positively associated with average leaf count and 
leaf count of host plants at the time of peak oviposition (week 4). There was no association 
between nectar plant abundance in the vicinity of the station and utilization of that station (Table 
5.4). Within habitats, none of the above variables were associated with host plant utilization.  
 
5.3.4.1 Host plant abundance between habitats 
Host plant abundance (measured using the number of leaves) at each station at the time of 
deployment was similar between habitats (Kruskal-Wallis test: χ2 = 0.81, p= 0.37, n = 28). 
However, lower canopy cover in urban areas favored plant growth (Table 5.3, Table 5.S5). By 
week 4 (when peak oviposition happened), host plant abundance in urban habitats was 
significantly higher than in forest habitats (Kruskal-Wallis test: χ2 = 17.9, p < 0.0001, n = 28). The 
average host plant abundance during the experiment was also significantly higher in urban 
habitats than forest habitats (Kruskal-Wallis test: χ2 = 15.8, p < 0.0001, n = 28). 
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Table 5.3 Habitat characteristics, host plant abundance per station and the total number of eggs and larvae recorded in 
forest and urban habitats during the enrichment experiment. Nectar plants were recorded along a randomly chosen 100 m 







Average values per enrichment station (or transect)  
#
Total number of eggs and larvae 
Canopy cover 
% (Mean ± SD) 
Number of 
nectar plants * 
Host plant leaf 
count at week 4 
Host plant leaf 
count in 16 weeks  Eggs L1 L2 L3 L4   
Forest 2 / 14 72.8 ± 9.2 43 44 ± 31 54 ± 39  15 14 12 9 5 
Urban 9 / 14 39.4 ± 21.9 149 130 ± 30 153 ± 45  184 51 32 27 19 
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5.3.4.2 Host plant utilization between habitats 
The majority of egg-laying by CR occurred during the weeks 4 – 6 and weeks 13 – 15 after the 
deployment of plants. In urban habitats, the majority of eggs (76% or 139/184 eggs) were laid 
during the weeks 4 – 6 but the majority (67% or 10/15) of eggs in the forest habitat were laid 
only during weeks 13 – 15.  Kruskal-Wallis test showed that the two habitats were significantly 
different in terms of the number of stations utilized (χ2 = 7.07, p= 0.008, n = 28) and the number 
of eggs laid (χ2 = 7.36, p= 0.007, n = 28; Figure 5.5).  
Although, host plant abundance in urban habitats was higher than forest habitats (as 
mentioned above), there was no difference between the host plant abundance of stations that 
were utilized and the host plant abundance of stations that were not utilized in forest habitats 
(Kruskal-Wallis test: χ2 = 0.03, p= 0.85, n = 14) or in urban habitats (Kruskal-Wallis test: χ2 = 
0.64, p=0.4, n = 14; Table 5.4, Figure 5.S6). The minimum number of leaves at which a station 
was utilized was found to be 10 – 16 leaves. Twenty-five of the 28 stations had > 16 leaves at 
all times of the experiment and therefore, it seemed unlikely that host plant abundance limited 
utilization of stations in either of the habitats.    
 
5.3.4.3 Juvenile survival between habitats 
Juvenile survival during egg stage and 1st to 4th instar stages (L1 – L4) was significantly higher 
in forests than in urban habitats (Fisher’s exact test: p < 0.001, n = 10; Figure 5.6). In forest 
habitats, low egg mortality was observed but higher mortality occurred during the mid- to late-
instar stages. In urban areas, the highest mortality occurred during the egg stage (Figure 5.6). 
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Table 5.4 Univariate regressions between utilization of an enrichment station (‘0’ 
or ‘1’) with potential environmental correlates for a total of 28 stations (forest and 
urban habitats combined) and for forest and urban habitats separately. Canopy cover 
and leaf count were measured at the enrichment station whereas the nectar plants were 
counted in a 100 m transect in the vicinity of each station. Egg laying peaked at week 4 
hence leaf count at week 4 was used as a proxy for larval host abundance at the time of 
peak oviposition activity. Continuous variables were scaled and centered on the mean 







Variables Coefficient (±95% CI) 
#
Coefficient (±95% CI) 
#
Coefficient (±95% CI) 
Canopy cover (%) -0.47 (-0.82, -0.11) * 
# 0.31 (-0.71, 1.34) 
#
-0.34 (-0.93, 0.25) 
Average leaf count per station 0.32 (0.01, 0.64) # 
# 0.04 (-0.75, 0.76) 
#
-0.32 (-1.21, 0.58) 
Leaf count in week 4 0.36 (0.05, 0.67) # 
# 0.08 (-0.71, 0.87) 
#
-0.5 (-1.56, 0.57) 
Number of nectar plants 0.15 (-0.25, 0.54) 
# 0.22(-0.66, 1.11) 
#
-0.11 (-0.61, 0.40) 
 






Figure 5.5 Number of eggs laid by Common Rose butterfly per enrichment station 






Figure 5.6 Juvenile survival of the Common Rose butterfly in proportion to the 
number of eggs laid in forests (n=15 eggs) and urban habitats (n=184 eggs) during 
the enrichment experiment.  L1 to L4 refer to different larval instars. Larval survival 




Figure 5.7 Causes of Common Rose eggs and larvae mortality observed in urban 
habitats (a) direct predation by Monomorium floricola ants (b) desiccation of larvae 




A greater abundance of invertebrate predators were recorded in urban habitats (n ~ 62 
individuals belonging to 6 taxonomic orders) than in forest habitats (n ~ 26 individuals) (Table 
5.S6). However, Kruskal-Wallis test revealed that the difference between the habitats in terms of 
invertebrate predator abundance was not significantly different (χ2 = 0.24, p=0.62, n = 12). 
Widely distributed ant species such as the Monomorium floricola (Figure 5.7a) and the highly 
aggressive Yellow Crazy Ant (Anoplolepis gracilipes) were also recorded in urban habitats. One 
desiccated larvae of CR was also recorded in the urban habitat (Figure 5.7b). 
 
5.3.5 Temporal partitioning of host plant use between BW and CR 
My field observations revealed an interaction between the BW and CR species which has been 
previously undocumented to the best of our knowledge. During the experiment, CR was 
observed to lay eggs on a patch of host plants prior to BW especially when the host plants were 
young. During the enrichment experiment in MacRitchie area, BW laid eggs on urban stations 
only during weeks 13-15, even though the host plants were available since week 1 and CR was 
utilizing it. A female BW was also seen circling around the host plants at two enrichment 
stations but it did not lay any eggs until CR had utilized the host plant and bred on it for nearly 
one generation. A similar pattern of host plant use by BW following host plant use by CR was 
observed across other source populations in Singapore over the years (A. J. pers. obs.). 
Critically, the enrichment stations in Dairy Farm (DFN) area received no oviposition even though 
the BW was even seen circling the planted host plants. Our survey data shows that DFN had 
only BW and CR has not been recorded from the site.  
 
5.4 Discussion  
5.4.1 Critical dependence on urban plantings 
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My results showed that the highest abundance of BW and CR was found in urban parks and 
that majority of source populations of BW and CR were in urban parks. Therefore, urban 
plantings seem critical for the survival of BW and CR butterflies. This is an unusual situation for 
BW and CR because these butterflies are forest species that can be found in primary forest and 
secondary forest habitats throughout Southeast Asia (Corbet & Pendlebury 1992, Hsieh et al. 
2010). The current situation, therefore, presents a rare case of two forest butterflies that have 
switched to non-native host plants and now rely almost completely on urban plantings after 
extirpation of their native host plants.   
 
5.4.2  Influence of habitat preference and potential natal affinity on butterfly distribution  
Even though BW and CR share the same host plant, their distributions in Singapore seem to be 
moderately different. A greater percentage (29%) of BW sightings were in forest habitats than 
CR that had only 8% of sightings in forest habitats even though individuals of both species are 
likely to have flown into forested habitats from urban parks or private gardens. These 
differences may be due to the following reasons. Firstly, BW seems to have a higher habitat 
preference to forested habitats than CR. This was confirmed by the results of the multivariate 
model where the percentage of forest cover within 250 m of the sighting location was highly 
positively associated with BW abundance and not with CR abundance. Secondly, BW being a 
larger species by size and weight, should have higher nectar requirements than CR. BW 
abundance was also highly positively associated with nectar abundance in the multivariate 
model. Thirdly, BW has a larger wingspan than CR and, therefore, BW is likely to scan larger 
areas in search of suitable nectar plants. Fourthly, BW abundance was positively associated 
with the percentage of water cover in the multivariate model. This may be linked to higher 
humidity requirements for the BW due to lower physiological tolerance to drier habitats.  
 The derived habitat preferences for BW are in agreement with the literature where the 
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abundance of Chinese Birdwing (Troides aeacus ssp. aeacus) in central China was proportional 
to the number of nectar plants and the species preferred an overall high forest canopy (Li et al. 
2010). In Taiwan, the Chinese Birdwing (subsp. formasanus) has been shown to have higher 
utilization of its host plant Aristolochia zollingeriana in inner-forest compared with forest trails 
and road edges (Hsieh et al. 2010), suggesting affinity of the Birdwing species to forest habitats. 
Finally, even though BW may fly far distances, it can be expected to have high affinity towards 
its natal host plant patch. Chinese Birdwing has been shown to visit flowers (if they are present) 
and mate near their natal place (Li et al. 2010). In the absence of nectar flowers near their natal 
place, individuals forage to high nectar density areas for nectar uptake but return back to their 
natal patch or a nearby patch to oviposit on the host plants (Li et al. 2010). In conclusion, BW 
seems to be a species that prefers forested habitats and water bodies, has high nectar 
requirements and potentially high natal patch affinity. 
 In contrast, CR abundance was positively associated with the percentage of managed 
vegetation cover in the multivariate model but negatively associated with the percentage of 
forest cover in the univariate model. The abundance of CR was also the lowest in forested 
areas. It is unclear why this may be the case. Perhaps, CR has a stronger natal affinity than BW 
which limits CR’s home range around the planted host plants in urban parks and private 
gardens. This may have contributed to the negative relationship observed between CR 
abundance and forest cover in the multivariate model. In its natural habitat, Byasa impediens, a 
species with similar life-history characteristics as CR, also preferred open areas and sparse 
forests, and the butterfly did not utilize host plants in forests with dense vegetation in Western 
China (Li et al. 2010). Further research is needed to understand the role of natal affinity in 





5.4.3 The minimum number and connectivity of source populations  
According to meta-population theory (Hanski et al. 1995), a butterfly should have a minimum of 
20 suitable habitats for long-term survival of the meta-populations. Given that BW and CR do 
not seem to have a significant (if any) population originating from ‘wild’ host plants (Aristolochia 
sp., Thottea sp.) in Singapore, the patch size argument cannot be directly applied. But if each 
source population of cultivated host plants was considered a habitat patch, the current 
population size in Singapore does not meet the stable meta-population criterion of 20 patches 
and appears to be to under a high risk of extinction. During the course of the study, I observed 
that in smaller habitat patches such as SCC and KTP (part of northern population cluster), BW 
and CR were sometimes missing. This observation is in agreement with the literature from the 
Chinese Birdwing where only large habitat patches were found to be significant for year on year 
occupancy and local extinctions in small patches were common (Li et al. 2010). The current 
shortfall in the number and connectivity of source populations can be addressed by – a) 
increasing the size of existing habitat patches (source populations), b) increasing the number of 
source populations to at least 20 patches and c) increasing the connectivity between existing 
source populations to reduce local extinction risk. 
 Results from my sighting map revealed that the central cluster of BW and CR population 
seems to be the most stable population. Given the central geographical location of the cluster, it 
can also serve as a potential link between the other clusters which seem to be isolated and 
therefore, are likely to be under high extinction risk. The eastern cluster currently comprising of 
the Ubin population has lacked a BW or CR population since the 1980’s. Host plants were 
planted in Ubin in the late 2000’s to bring back the species. An active population seems to have 
established since the year 2012, possibly as a natural immigration from Johor (Malaysia). 
Therefore, the eastern cluster is not only recently established but it is among the most isolated 
BW and CR populations in Singapore. Somewhat similarly, the population at KTP in the 
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northern cluster seems to have been established by the repeated introduction of BW and CR 
caterpillars at the planted host plant patch over the past 3-5 years. If we are to ensure long-term 
sustenance of these clusters, new source populations need to be urgently established so as to 
link these isolated clusters with the central cluster. Given the negative association of CR with 
forest cover and its natal affinity, there is a possibility that the Central Catchment and Bukit 
Timah forests may, surprisingly act as a barrier to the mixing of east and west population 
clusters. In such a case, source populations may need to be established bordering the Central 
Catchment and Bukit Timah forests but circumventing it.      
 Important lessons can be drawn from the management of another butterfly species - the 
Richmond Birdwing (Ornithoptera richmondia) in Australia which suffered a somewhat similar 
history of habitat destruction and fragmentation as the BW and CR in Singapore. The native 
host plant (Pararistolochia praevenosa) of the Richmond Birdwing had become increasingly rare 
in eastern Australia (Sands 2008). An innovate management strategy involving a community 
engagement program was started in 1989 through which at least 300 schools got involved in the 
coordinated planting of the native host plant vines in their school gardens over the years. 
Richmond Birdwing is now known to visit and breed in school gardens, which are seen as extra 
habitat and a means to restore historical connectivity between the fragmented native 
populations in Australia (Sands 2008). Perhaps a coordinated planting effort of BW and CR host 
plants should be considered in Singapore. Obviously, the recommendation of 20 habitat patches 
(source populations in this case) is also only a guideline (Hanski et al. 1995) and actual 
extinctions would depend on population dynamics and stochastic events in the landscape. More 
research is necessary to determine local extinction rates at each source population to better 
understand long-term metapopulation persistence. 
 
5.4.4 Reasons behind temporal partitioning of host plant use  
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The strategy of temporal partitioning of host plant use appears to be one of obligate 
dependence that benefits both BW and CR.  BW is a stronger flyer than CR so BW cannot be 
dispersal limited in finding the host plant as compared to CR. I suspect a delayed utilization of 
the host plant by the BW offers higher survival to its progeny. A. acuminata is known to be 
somewhat toxic, and BW and CR can sequester these toxins in their bodies as caterpillars, and 
hence, become distasteful to predators. However, there might be costs associated with 
sequestering aristolochic toxins by caterpillars. The highest concentrations of aristolochic acids 
in Aristolochia plants occur in the early part of the growing season and toxicity in leaves 
declines with time (Fordyce 2000). Therefore, I hypothesize that the delayed host plant use by 
BW ensures lower aristolochic acids, lower toxicity and hence, higher survival for BW larvae. 
Early host plant use by CR guarantees the availability of host plant resources to CR larvae for at 
least one generation per A. acuminata flowering/growing cycle. BW larvae are larger and more 
aggressive than CR larvae. The former are voracious feeders that can nearly decimate the 
leaves of a young host plant when present in large numbers. If CR were to directly compete with 
BW for resources, CR larvae would be easily outcompeted. But larval survival may be low at the 
time when aristolochic acids in the leaves are the highest. Therefore, CR may be in an ‘arms 
race’ between larval survival and window of opportunity of host plant use. These hypotheses 
need to be empirically tested to gain a fuller understanding of the costs and benefits associated 
with temporal partitioning of host plant use.  
The flowering cycle of A. acuminata, which controls the variation in aristolochic acid 
concentration in different parts of the plant (Fordyce 2000) may also partly explain the observed 




5.4.5 Host plant utilization  
The results from the enrichment experiment showed that the host plant utilization by CR was 
higher in urban habitats than in forest habitats and the majority of egg laying in the urban 
habitats happened earlier than the forest habitats. This may simply be because CR source 
population around the enrichment location (Windsor population) is likely to be in an urban 
population. CR is likely to scan the urban habitat in the vicinity of and similar to its natal patch in 
search of nectar and host plants. Therefore, it would have found the host plants in urban areas 
much faster than host plants in forest habitats.  Within habitats, none of the variables in the 
regression models were significant with host plant utilization. This suggests that CR might be 
using other cues to choose oviposition sites than factors identified in this study.   
The result of slower host plant growth in forest habitats due to higher canopy cover was 
expected because young plants are known to have higher sensitivity to light penetration and 
intensity (Lee, 1988). However, slower host plant growth did not affect host plant utilization 
within habitats, suggesting that suppression of host plant growth in the forest understory may 
not be of concern and can be avoided by carefully choosing host plant enrichment sites in the 
forest understory that allow sufficient light penetration.  
The result that host plant utilization was not significant with nectar plant abundance 
might be because CR has a specific preference of nectar plants (A. J. pers. obs.). Therefore, 
only certain species may act as effective nectar sources for CR. Higher abundance of effective 
nectar plants should, in theory, attract a higher number of CR females that would result in higher 
host plant utilization.   
 
 
5.4.6 Juvenile survival  
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The result of lower juvenile survival in urban habitats is in agreement with the literature such that 
lower juvenile survival has been observed in sunny habitats than in shaded ones (Rausher 
1979, Levy and Connor 2004). High egg mortality in urban habitats seems directly linked to 
desiccation and to a higher abundance of invertebrate predators (though only a few direct 
predation events were observed). Desiccation is an important cause of lepidopteran egg and 
larval mortality because eggs and younger instars have narrower thermal tolerances than later 
instars (Klok & Chown 1999). In urban areas, direct exposure to sunlight, higher average 
temperatures, and lower average humidity (see Table 5.S4) are likely to have caused 
desiccation of eggs and larvae. Lower humidity and higher temperatures also make the host 
plant leaves tougher and unpalatable for the larvae (Sands 2008). Higher exposure to rains in 
urban areas may also wash out eggs and larvae from the plant. Higher abundance of spiders 
and ants may be another factor responsible for egg mortality. Ants such as Monomorium 
floricola and the aggressive Yellow Crazy Ant (Anoplolepis gracilipes) are known to be 
significant predator of insect eggs (Way et al. 1992). CR caterpillars are defenseless against the 
braconid wasp (Apanteles glomeratus) that have undergone coevolution with their hosts and 
hence are not affected by the aristolochic acids of A. acuminata (Kunte & Gadgil 2000). While 
such parasitoids were not observed during the experiment, it does not conclusively indicate their 
absence. In contrast to high egg mortality in urban areas, forest habitats followed a typical 
survival curve with comparable mortality at different juvenile stages (Rausher 1979). This seems 
to suggest a more stable predator-prey relationship in the forest habitat than in the urban areas. 
 
5.4.7 Host utilization vs. juvenile survival tradeoff 
Ideally, an enrichment site should be chosen such that it maximizes host plant utilization and 
juvenile survival. However, my finding that urban habitats had the highest host plant utilization 
and the highest oviposition response but forest habitats had higher juvenile survivorship 
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suggests that there might be tradeoffs in site selection for habitat enrichment. This finding might 
seem to contradict the ‘preference-performance problem’ (Thompson 1988) which suggests that 
the host plant preference by ovipositing females should have evolved to maximize the success 
of its eggs and larval stages. But it should be noted that the current situation of BW and CR i.e. 
critical dependence on a non-native host plant in an urban habitat, is not natural and the system 
being discussed here may not be in state of equilibrium. In such a case, the ‘preference-
performance problem’ may not be directly applicable. In addition, the host utilization vs. juvenile 
survival tradeoff observed in this study may only exist in special cases. This tradeoff cannot be 
directly applied to the enrichment of a forest species with natal patches in the forest habitat. For 
species with natal patches in forest habitats, host plant utilization and juvenile survival should be 
higher in forest habitats than in urban areas which should conform to the ‘preference-
performance problem’.      
 
5.4.8 Implications for habitat enrichment  
I show that population clusters of BW and CR have emerged in Singapore partly shaped by the 
locations of larval host plantings by butterfly enthusiasts in Singapore.  But the current 
population clusters seem unsustainable. Long-term survival of these threatened butterflies 
would require a planned habitat enrichment strategy that established critical links between 
isolated populations. The observed habitat preferences and natal affinity of species can provide 
important cues in site selection for habitat enrichment. For example, planting of host plants in 
urban parks adjacent to forests preferably in the vicinity of water bodies or forest streams may 
be the best locations for BW enrichment. Such habitats can also be enriched with nectar 
species preferred by the BW to achieve synergistic effects.  
 CR adults seem to prefer managed vegetation over forest cover, hence planting of host 
plants in isolated urban parks and gardens may be suitable for CR enrichment. However, 
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isolated urban parks and gardens may have poor juvenile survival for CR, as shown by my 
enrichment experiment. Urban parks adjoining forests may also be able to maximize host plant 
utilization vs. juvenile survival tradeoff for CR. However, at the landscape level, it might be 
necessary to establish stepping stones of populations that can connect different BW and CR 
population clusters in Singapore. Therefore planting of A. acuminata in isolated urban parks 
may be required even if it is a suboptimal strategy for juvenile survival,  
 Even though urban plantings are currently the only available option for BW and CR 
management in Singapore, it should be no surprise that the longevity of urban plantings is 
limited as they are prone to frequent landscape changes. There have been documented cases 
of breeding populations of BW and CR that were wiped out in the past (e.g., Asimont Lane and 
Bukit Timah Nature Reserve nursery) as a result of landscape change. In fact, this dependence 
on a planted resource continues to make the BW and CR vulnerable to extinction. Another 
strategy with lesser long-term risk would be to test the suitability of native host plant Aristolochia 
jackii as a suitable host plant for the BW and CR. In Sundaland, A. jackii is usually a deep forest 
species and is recorded as a host plant for other Birdwing species such as Troides 
rhadamantus plateni and Troides amphrysus (Matsuka 2001, pers. comm. with Jan Peterson 
from Denmark). However, A. jackii remains rare throughout its range and larval survival 
experiments need to be carried out to test its viability as a suitable host for BW and CR larvae. 
At least three of California’s butterfly species have been documented to oviposit on non-native 
larval host plants with lower rates of survival than on the native larval host plant (Graves & 
Shapiro 2003). Therefore, survival and time to maturity of BW and CR larvae should be 
compared between the native A. jackii and non-native A. acuminata. If A. jackii turns out to be 




5.5  Conclusions 
My results showed that BW and CR are critically dependent on urban plantings of their non-
native host plant Aristolochia acuminata in Singapore. In terms of habitat preferences, BW 
prefers areas with high forest cover, high water cover, and high nectar abundance whereas CR 
prefers areas with high managed vegetation cover. Based on metapopulation theory guidelines, 
the current number of source populations of BW and CR in Singapore may be insufficient. The 
current shortfall in the number and connectivity of source populations need to be addressed. 
Lessons from Richmond Birdwing community-based conservation in Australia show that a 
coordinated planting effort of the host plant may work for Singapore. A robust enrichment 
strategy should, however, suggest plantings such that they increase the connectivity of existing 
source populations, optimize the observed enrichment tradeoff between host plant use and 
juvenile survivorship and take into account the habitat preferences of BW and CR adults. 
Further research is needed to better understand the phenology of A. acuminata in Singapore 
and how it affects the temporal partitioning of host plant use and seasonal abundance patterns 
of BW and CR. Lastly, research is needed to ascertain if A. jackii can serve as an effective 
native host plant for BW and CR and if so, enrichment strategies for plantings in forest habitat 








Broadly speaking, I started out with the objective of advancing our understanding of the ecology 
and conservation of butterflies in transformed tropical landscapes. Specifically, I set out to 
quantify the impact of habitat loss on butterfly discoveries and extinctions in my study system 
and evaluate the drivers of butterfly persistence and loss, flower use and dispersal of butterflies 
in different habitat types. I also investigated the impact of habitat type on butterfly oviposition 
preference and juvenile survival and showed how tradeoffs must be considered in the design of 
habitat enrichment strategies for butterflies.  
 
In chapter 1, I reported a peak in butterfly extinctions from 1926 – 1990 followed by a slowdown 
in extinctions in the past 25 years in Singapore. Birds showed a similar pattern of extinction 
peak and slowdown as butterflies. I hypothesized that habitat recovery due to the aging of 
secondary forests and increase in managed vegetation cover may be one of the reasons behind 
the current slowdown in extinctions that was observed. Signs of habitat recovery are not just 
promising locally, but hold hopes and lessons for Southeast Asia where cases of habitat and 
species recovery have been rarely documented (except see Cleary 2003). The field of habitat 
restoration in general, has received poor attention (Koh 2007), despite such high rates of habitat 
loss in the region (Hansen et al. 2013). Young secondary forests in Southeast Asia tend to be 
poorly valued and are usually converted to plantations, for example, oil palm, rubber or paper 
and pulp in a business as usual scenario (Koh & Wilcove 2008, Ziegler et al. 2009), that hinders 
or completely stops forest recovery process.  Going by the results in chapter 1, if young 
secondary forests in the region are allowed to age and mature, they have the potential to aid in 




In chapter 2, I examined the persistence of butterfly species in a transformed landscape and 
showed that common species and intermediate species had comparable richness across habitat 
types and across large and small sites. But rare species persisted poorly in degraded and 
fragmented forests. These results were in agreement with the patterns observed in chapter 1 
that majority of potentially extinct species, which were also rare, were restricted to mature forest.  
 
I also showed in chapter 1 that most discovered species in Singapore were found in mature 
forest (primary and old secondary forest) but many of them also were also found to utilize young 
secondary forest, scrub and managed vegetation in urban parks. These results suggest that 
beyond leaving habitats to recover, species-specific or guild-specific responses should be 
identified in any landscape to determine which species may be sensitive to habitat 
transformation and would demand greater conservation intervention while others could survive 
in transformed landscapes. In chapter 2, I also quantified how including rare and habitat-
specialized species in site assessment could influence conservation outcomes. A better 
understanding of rare species can be established by using the results on correlates of species 
rarity from chapter 2. These can, in turn, help improve the detection of potential transients of 
rare species that may surface as future extinction debts are paid off (Hanski & Ovaskainen 
2002) in transformed landscapes.  
 
In the introduction, I had highlighted a lack of studies on Lycaenidae and Hesperiidae butterfly 
families from the region. My results from chapter 1 showed that most of the rediscovered 
butterflies in Singapore were cryptic and belonged to these two families and results from chapter 
2 showed that these two families also persist poorly in transformed habitats. These reaffirm the 
importance of the Lycaenidae and Hesperiidae in contributing to numbers of rare species, 
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species extinctions and species discovery in the tropics and should, therefore, play a more 
central role in butterfly studies in the region.  
 
In chapter 3, I investigated an important aspect of butterfly ecology – flower use in forest and 
urban habitats. Tropical butterflies are believed to be flower generalists but no prior study had 
investigated flower specialization of a tropical butterfly community to the best of my knowledge. 
In this regard, my study sets precedence for future flower-feeding ecology work in the region.  
The results showing that a significant proportion of feeding observations in forested sites were 
on non-native flowers, yet flower specialists used significantly higher proportions of native flower 
species than flower generalists and tended to be forest dependent, have important implications 
for habitat management of butterflies. I also showed that flower use differed between forests 
and urban parks and the response of butterflies was species specific – some contracted their 
diet by becoming more flower specialized, some benefitted from non-native nectar plants by 
expanding their diet while others showed no change in diet response. From a functional 
perspective, however, widespread changes in pollination and plant reproductive success could 
occur due to such shifts in feeding on non-native plants. In general, landscape transformation in 
the tropics could further increase the dependence of flower specialist butterflies on few native 
flower sources. Habitat management for such butterflies would require continued persistence of 
their preferred native flower sources. 
                                                                                                                
Chapters 4 and 5 tackled specific problems of dispersal in different habitats and habitat 
enrichment that were identified as gaps in the thesis introduction. The landscape matrix is 
known to be a key determinant of species dispersal (Baguette & Van Dyck 2007) but this 
interaction has not been tested in the tropics to my knowledge. I show in chapter 4 that 
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dispersal distances of butterflies are affected by habitat type in the tropics. Dispersal distances 
of recaptured butterflies were greater in forests and in urban habitats but the mobility of 
recaptured species was similar in both habitats.  Lower dispersal distances in urban habitats 
than forests and low inter-patch movements suggest that connectivity in urban habitats may be 
an issue and one that should be better addressed by future research.  
 
In chapter 5, I conducted a larval host plant enrichment for two charismatic butterfly species – 
the Common Birdwing (Troides helena cerberus) and Common Rose (Pachliopta aristolochiae 
asteris) using their shared non-native host plant Aristolochia acuminata in forest and urban 
habitats of Singapore. There is a paucity of habitat restoration and enrichment literature on 
tropical insects and this study may be in one in a few (if not the only one) on enrichment of 
tropical butterflies in Southeast Asia. The results of the experiment showed a utilization-survival 
tradeoff whereby host plant utilization by Common Rose butterfly was significantly higher in 
urban habitats compared with forest habitats, however, egg and larval survival was significantly 
higher in forest habitats. A higher abundance of potential predators was observed in urban 
habitats compared with forest habitats that likely lowered juvenile survival. A potentially 
undocumented interaction of temporal partitioning of host plant use between the two species 
was also observed, which was discussed in chapter 5. Using distribution data of butterflies, 
habitat preference, and enrichment planting results, I discussed the most suited habitat 
enrichment locations for Common Birdwing and Common Rose in Singapore. In general, habitat 
enrichment strategies for urban dependent species may work best in urban parks adjoining 





Future directions  
My thesis was an attempt to bridge several knowledge gaps in tropical butterfly ecology and 
conservation but there are several important gaps that still exist and need future research.  
My thesis did not address the impacts of climate change on butterflies but it is possible that 
such impacts may be particularly severe in transformed landscapes due to synergistic 
interactions of climate change with habitat loss and urbanization (Patz et al. 2005, Stork 2010). 
Indeed, understanding the effects of climate change remains a big frontier for tropical butterfly 
research (Bonebrake et al. 2014) and one that I plan to pursue in future. 
 
Specific directions for future research arising from my results are summarized below.  
 
In chapter 1, I addressed the detected species extinctions and argued that undetected 
extinctions for well-known groups like butterflies in Singapore are likely to be low. However, a 
more advanced analysis similar to Chisholm et al. (2015) can improve our understanding of 
undetected butterfly extinctions.  
 
In chapter 2, I used larval host plant abundance class as a proxy to larval host plant abundance 
in models to explain butterfly abundance. A more precise dataset on larval host plant 
abundance could improve our understanding of how host plant distribution may influence 
butterfly distribution. In addition, I ignored the effects of seasonality in chapter 2 because the 
dataset in chapter 2 was collected all year round and over multiple years. While seasonal 
differences tend not to be extreme in the tropics, some patterns do exist between the wet and 
dry seasons (as shown in Neotropical butterflies; Barlow et al. 2007). Common Birdwing (BW) 
and Common Rose (CR) also showed some variation in abundance across months in chapter 5. 
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Incorporating the effects of seasonality may make the correlates of abundance analysis more 
accurate.  
   
In chapter 3, I could only quantify flower use by butterflies but did not investigate the impacts of 
foraging shits on seed production, seed dispersal, and establishment. Community-level 
experiments involving multiple plant species over the entire plant reproduction cycle may be 
required to get a better understanding of the true costs and benefits of non-native plant species 
to butterflies in tropical forests. More canopy research is also needed to better sample flower 
use at canopy level in such studies.  
   
In the discussion section of chapter 4, I addressed the difficulties of comparing dispersal 
distances in tropical habitats. Despite high sampling effort, I could only calculate dispersal 
estimates of 17 species with low recapture rates per species and then compare the overall 
dispersal distance of the butterfly community between habitat types. Future research is required 
to better estimate dispersal distances of species and friction values for movements across 
habitats. Only then can we begin to understand dispersal in a landscape and in future address 
more complex interactions that have impacts on species connectivity such as synergistic effects 
of planting nectar plants to facilitate dispersal. 
   
The habitat enrichment strategies described in chapter 5 of this thesis were devised using a 
specific case of two butterfly species that appear to have no wild populations left in Singapore 
and critically depend on urban plantings of their larval host plants. Future research should 
attempt to create a habitat enrichment framework for a range of species that have native 
populations in the forests. Enrichment experiments for forest dependent species could be 
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designed to test if the range of species could be expanded from mature forest to degraded 
forests. Similarly, experiments with urban-adapted species could test if the range of species 
could be expanded from mature and degraded forests to urban habitats. I attempted such 
experiments during my thesis but larval host plants of the experimental (forest) species were 
difficult to propagate and were found to be very slow growing hence the experiment had to be 
abandoned. Clearly, this is an area of further research that could make important contributions 
to habitat enrichment and restoration literature on tropical butterflies. There is also potential to 
test multiple hypotheses pertaining to test the synergistic use of nectar plants when planted with 
enrichment larval host plants.   
 
The results of my thesis are likely to be instructive to a broader transformed landscape in 
tropical Asia. Much of tropical Asia has been undergoing landscape transformation and as 
highlighted in chapter 1, the deforestation trajectory of Singapore (agricultural intensification 
followed by urban development) seems typical of the landscape that other tropical Asian 
countries may have in future. Despite landscape transformation, Singapore has had a forest 
conservation and active greening program (e.g., tree planting in urban areas and the 
establishment of park connectors) in the last 25 years in line with its ‘city in a garden’ 
philosophy. Other landscapes in Asia with similar levels of deforestation, may do worse than 
Singapore if there is a lack of similar greening initiatives. In that sense, the readers should be 
cautious particularly when drawing lessons from Singapore about the persistence and loss of 
butterflies in transformed landscapes.  
 
Transformed landscapes are fast becoming the norm and are no longer the exception in the 
tropics. Secondary forests now cover a substantial portion of global tropical forest cover 
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(Chazdon et al. 2009) and urban areas are projected to further increase in the coming decades 
(Cohen 2003). If we are to conserve tropical butterflies, the importance of protecting remaining 
forest habitats in transformed landscapes cannot be overemphasized. Indeed, habitat 
specialization turned out to be a determinant of butterfly extinction (chapter 1), species rarity 
(chapter 2) and flower specialization (chapter 3) and habitat type impacted dispersal distances 
(chapter 4) and the outcome of enrichment experiments (chapter 5). I hope that my results on 
flower specialization will spur a healthy debate on the belief that tropical butterflies are flower 
generalists, and more native flowers will be planted and allowed to flourish for flower specialist 
butterflies in transformed landscapes. My results on butterfly dispersal will hopefully encourage 
research on the identification of source-sink populations and will help inform corridor planning 
that optimizes dispersal such that paper corridors can be avoided (Jain et al. 2014). Lessons 
learned from chapter 5 of my thesis have the potential to inform the development of advanced 
habitat enrichment strategies for butterflies. Such strategies will be critical to butterfly population 
recovery in the tropics. Finally, I sincerely hope that at the least, my thesis will be a useful 
reference for future research on butterfly ecology and conservation in transformed landscapes 
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Table 1.S1 Checklist of all butterflies recorded from Singapore to date  
 
Notes: Refer to Appendix 1.S2 for references used in this table. Abbreviations: BTNR = Bukit Timah Nature Reserve, EA = Extant, 
EX = Extinct, NLEA = Not listed but recorded in previous checklist and considered extant, NLEX = Not listed but recorded in previous 
checklist and considered extinct, NR = Not recorded. C&P 1956 = Corbet, A.S. and Pendlebury, H. M. 1956 (see Bibliography), C&P 
1992 = Corbet, A. S. and Pendlebury, H. M. 1992 (see Bibliography).   
 
* Last sighting records were based on Jain (eds.) 2013, Jain (eds.) 2014 and Jain (eds.) 2015 butterfly checklists that were compiled 
and published for years 2012, 2013 and 2014 respectively. See Appendix 1.S2 for web-links to checklist. If a species was not 
recorded in the above 2012 – 2014 checklists, the actual year of sighting was mentioned along with the sighting reference. 
 















current status Comments 
Family: Papilionidae, Subfamily: Papilioninae 
1 Troides helena cerberus  
Common 






Birdwing Vagrant  2014 EX EX EX EA 
Khew & Neo 1997; 
BC 2014a 
Sightings in 2011, 2013 











Black Rose Unknown 2007 EA NLEA NR NR NSS 2007; BC2011a First recorded in 1995; re-sighted in 2007 
4 Chilasa clytia clytia  
Common 
Mime  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
5 Chilasa paradoxa aenigma 
Great Blue 
Mime EX - EX EX EX EA Khew & Neo 1997 !
6 Papilio demoleus malayanus  
Lime 
Butterfly  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
7 Papilio demolion demolion  
Banded 
Swallowtail  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
8 Papilio iswara iswara  Great Helen Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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current status Comments 
9 Papilio polytes romulus  
Common 
Mormon Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
10 Papilio memnon agenor  
Great 
Mormon Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
11 Papilio prexaspes prexaspes  Blue Helen  Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 !
12 Papilio helenus helenus Red Helen Vagrant 2014 NR NR NR NR 
NSS 2014b, Jain 
2015 
First & only sighting 
from Kent Ridge in 
2014 
13 Graphium sarpedon luctatius  
Common 





Great Jay Vagrant 2014 NR NR NR NR BC 2014d First & only sighting in 2014 
15 Graphium evemon eventus  Blue Jay Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
16 Graphium doson evemonides  Common Jay Resident 2014 EA EA NR NR BC 2011b, Jain 2015 






Striped Jay Vagrant 2014 NR NR NR NR NSS 2014c, Jain 2015 
Two sightings so far: 











Swordtail Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
20 Lamproptera meges virescens 
Green 
Dragontail EX - EX EX NLEX EX C&P 1992 !






Sawtooth Vagrant 2014 NR NR NR NR  BC 2014b 
First & only sighting in 
2014 
22 Delias singhapura singhapura  Lion Jezebel EX - EX EX EX EA Khew & Neo 1997 !
23 Delias hyparete metarete  
Painted 
Jezebel Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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current status Comments 




extinct 1990s EA EX EA EA Khew 2008 
Reported from single 
specimen in Mandai 
25 Leptosia nina malayana  Psyche Resident 2014 EA EA EA NR C&P 1992, Jain 2015 !
26 Pieris canidia canidia  
Cabbage 
White  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 
Non-native but 
recorded in Malay 
Peninsula since 1940’s  
27 Cepora iudith malaya Orange Gull EX - EX EX EX EA Khew & Neo 1997 !




migrant 2014 EA EA EA EA C&P 1992, Jain 2015 
Likely extinct as 
resident but regular 
seasonal sightings in 
past 5 years 
29 Appias libythea olferna  
Striped 
Albatross Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
30 Appias nero figulina 
Orange 
Albatross EX - EX EX EX EA Khew & Neo 1997 !
31 Appias paulina distanti 
Lesser 
Albatross Vagrant 2014 NR NR NR NR NSS 2014a 
First & only sighting in 
2014 
32 Appias indra plana Plain Puffin Vagrant 2012 NR NR NR NR BC 2012a First & only sighting in 2012 
33 Hebomoia glaucippe aturia  
Great 
Orange Tip Vagrant  2004 EA EA NR NR 
R. Ong unpublished 
record 2004 
First & only sighting in 
2004. New record for 
Singapore 
34 Pareronia valeria lutescens  Wanderer Vagrant 2011 EX EX EX EA 
Khew & Neo 1997; 
BC 2011c 
Rediscovered from P. 
Ubin. Extinct as 
resident 
35 Saletara liberia distanti 
Malaysian 
Albatross Vagrant 2014 EX EA EX EA 
Khew & Neo 1997, 
BC 2014b 
One sighting in 2014; 
Extinct as resident 
Family: Pieridae, Subfamily: Coliadinae 
36 Dercas verhuelli herodorus 
Tailed 
Sulphur EX - EX EX EX EA Khew & Neo 1997 !
37 Catopsilia pyranthe pyranthe  
Mottled 
Emigrant  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
38 Catopsilia pomona pomona 
Lemon 
Emigrant Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
39 Catopsilia scylla cornelia  
Orange 
Emigrant  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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current status Comments 
40 Eurema brigitta senna  
No Brand 
Grass Yellow  Resident 2013 EA EX EX EA 
Khew & Neo 1997; 
BC 2008a Rediscovered in 2006 
41 Eurema hecabe contubernalis  
Common 
Grass Yellow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
42 Eurema simulatrix tecmessa 
Hill Grass 
Yellow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
43 Eurema blanda snelleni  
Three Spot 






Grass Yellow  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
45 Eurema lacteola lacteola 
Scarce 
Grass Yellow EX - EX EX NLEX EX C&P 1992 !
46 Eurema ada iona ! EX - EX EX EX EA Khew & Neo 1997 !
47 Eurema sari sodalis  
Chocolate 
Grass Yellow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
48 Gandaca harina distanti  Tree Yellow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !





Plain Tiger Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
50 Danaus genutia genutia  
Common 












Tiger Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
53 Parantica aspasia aspasia  
Yellow 
Glassy Tiger  Vagrant 2014 EA EX EX EA 
Khew & Neo 1997; 
NSS 2008; BC 2014c 
Vagrant sightings from 
year 2008 at Alexandra, 
Hort Park, P. Ubin. 
2014 sighting from 
Gardens by the Bay; 
Extinct as resident 
54 Parantica melaneus sinopion 
Chocolate 
Tiger EX - EX EX NLEX EX C&P 1992 !
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current status Comments 
55 Ideopsis vulgaris macrina  
Blue Glassy 
Tiger Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
56 Ideopsis juventa sitah 
Grey Glassy 
Tiger Vagrant 2014 NR NR NR NR BC 2015 
First & only sighting 
from Ubin in 2014 




EX - EX EX EX EA Khew & Neo 1997 !
58 Idea stolli logani  Common Tree Nymph Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
59 Idea leuconoe chersonesia  
Mangrove 
Tree Nymph  Resident 2014 EA EA EX EA 
Khew & Neo 1997; 
BC 2014a 
One sighting from P. 
Ubin in 2014 but yearly 
records from P. Tekong 
(Khew pers. comm.) 
60 Euploea crameri bremeri  
Spotted 








extinct 1999 EA EA EA EA Khew & Neo 1997 
Recorded from 
Macritchie and Nee 
Soon forest (Gan CW, 
Chan S.K.M pers. 
comm.) 
62 Euploea eyndhovii gardineri  
Striped Black 
Crow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




EX - EX EA NLEX EX C&P 1992 !
64 Euploea mulciber mulciber  
Striped 





King Crow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
66 Euploea midamus singapura  
Blue Spotted 
Crow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
67 Euploea tulliolus ledereri  Dwarf Crow  Resident 2015 EA EA EX EA 
C&P 1992, NSS 
2002a 
Rediscovered from P. 
Ubin in 2002 and then 
from Sime forest & 
BTNR 




EX - EX EX EX EA Khew 2008  !
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Magpie Crow Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
Family: Nymphalidae, Subfamily: Satyrinae 




Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




EX - EX EX NLEX EX C&P 1992 !
72 Elymnias panthera panthera  
Tawny 






Palmfly Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
74 Elymnias nesaea lioneli Tiger Palmfly EX - EX NLEX NLEX EX C&P 1992 !
75 Elymnias esaca esaca ! EX - EX EX EX EA Khew & Neo 1997 !




extinct 1990s EA EA EA EA Khew & Neo 1997 
Very rare. Only from P. 
Ubin. 
77 Lethe europa malaya  
Bamboo 
Tree Brown  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
78 Xanthotaenia busiris busiris 
Yellow 
Barred EX - EX NLEX NLEX EX C&P 1992 !
79 Mycalesis fusca fusca  
Malayan 
Bush Brown Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
80 Mycalesis perseus cepheus  
Dingy Bush 






Bush Brown Resident 2014 EA EA EA NR Khew & Neo 1997 !
82 Mycalesis mineus macromalayana  
Dark Brand 
Bush Brown Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
83 Mycalesis visala phamis  
Long Brand 
Bush Brown  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
84 Mycalesis orseis nautilus  
Purple Bush 
Brown Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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epiminthia ! EX - EX NLEX NLEX EX C&P 1992 !
87 Ypthima huebneri  Common Four Ring Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




extinct 2004 EA EA EA EA C&P 1992 
Last sighting from 
MacRitchie (Khew pers. 
comm.) 
89 Ypthima baldus newboldi  
Common 
Five Ring Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
90 Ypthima horsfieldii humei  
Malayan 
Five Ring  Resident 2014 EA EA EA NR C&P 1992, Jain 2015 !
91 Ypthima pandocus corticaria  
Common 
Three Ring Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
92 Faunis canens arcesilas  
Common 
Faun Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
93 Melanocyma faunula faunula  ! EX - EX EX NLEX EX C&P 1992 !














doubledayi ! EX - EX EX EX EA Khew & Neo 1997 !
98 Thaumantis klugius lucipor  
Dark Blue 






Glory EX - EX EX EX EA Khew & Neo 1997 !
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Duffer Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
101 Discophora timora perakensis Great Duffer EX - EX NLEX EX NR Fleming 1991 
Recorded by Fleming 
(1991) prior to 1975!
Family: Nymphalidae, Subfamily: Heliconiinae 




2014 EA NR NR NR BC 2008d Established since 2006  
103 Cethosia hypsea hypsina  
Malay 






Lacewing  Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 
Previously very rare but 
regular sightings from 
U. Seletar since 2014 
105 Cethosia cyane  Leopard Lacewing Resident 2014 EA NLEA NR NR BC 2012d, Jain 2015 
Non-native but 





Leopard  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
107 Vagrans sinha sinha Vagrant Vagrant 2014 EX EX EX EA 
Khew & Neo 1997; 
BC 2013b, Jain 2015 
Sighting from Gardens 
by the Bay in 2013 and 
from Seletar area in 
2014; Extinct as 
resident 
108 Cupha erymanthis lotis  Rustic  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
109 Cirrochroa orissa orissa  
Banded 
Yeoman  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
110 Cirrochroa emalea emalea 
Malay 
Yeoman Vagrant 2014 EX NLEX NLEX EX C&P 1992, Jain 2014 
Multiple sightings since 
2013 in BTNR and Rifle 
range area; Extinct as 
resident 
111 Cirrochroa tyche rotundata 
Common 
Yeoman Vagrant 2015 NR NR NR NR BC 2015b 
Colony reported from 
an urban park in 2015; 
New record for 
Singapore 
112 Vindula dejone erotella  Cruiser Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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113 Terinos terpander robertsia  
Royal 
Assyrian Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
114 Terinos atlita teuthras  ! EX - EX NLEX NLEX EX C&P 1992 !
Family: Nymphalidae, Subfamily: Biblidinae 
115 Ariadne ariadne ariadne 
Angled 
Castor Vagrant 2013 EX EX EX EA 
Khew & Neo 1997; 
BC 2013a 
One sighting in 2013; 
Extinct as resident 
116 Ariadne isaeus isaeus ! EX - EX NLEX NLEX EX C&P 1992 !
117 Laringa castelnaui castelnaui ! EX - EX NLEX NLEX EX C&P 1992 !
Family: Nymphalidae, Subfamily: Nymphalinae 
118 Vanessa cardui  Painted Lady  Vagrant 2015 EA NR NR NR 
BC 2007a, Chan 
S.K.M. pers. 
comm.2015 
Recorded since 2007. 
Last sighting at Pasir 
Panjang area.  










Jester Vagrant 2012 NR NR NR NR BC 2012e New record 
121 Hypolimnas anomala anomala  
Malayan 
Eggfly Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
122 Hypolimnas misippus misippus  
Danaid 
Eggfly Resident 2009 EA EX EA NR C&P 1992; BC 2009a 
Rediscovered in 2009 
but continues to be very 
rare. 
123a Hypolimnas bolina bolina  Great Eggfly Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
123b Hypolimnas bolina jacintha  
Jacintha 





Autumn Leaf  Resident 2014 EA EA NR NR NSS 1999, Jain 2015 Australian subspecies discovered in 1999  
124b Doleschallia bisaltide pratipa  Autumn Leaf Resident 2007 EA NLEA NLEX EX C&P 1992, SC 2009 
Native subspecies. Last 
sighting in 2007 – bred 



















current status Comments 
125 Rhinopalpa polynice eudoxia The Wizard EX - EX EX NLEX EX C&P 1992 !
126 Junonia hedonia ida  
Chocolate 
Pansy  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
127 Junonia atlites atlites  Grey Pansy  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
128 Junonia almana javana  
Peacock 
Pansy  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
129 Junonia orithya wallacei  Blue Pansy Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
130 Kallima limborgii amplirufa Leaf butterfly EX - EX EX NLEX EX C&P 1992 !
Family: Nymphalidae, Subfamily: Cyrestinae 
131 Chersonesia rahria rahria Wavy Maplet EX - EX EX EX EA Khew & Neo 1997 !
132 Chersonesia peraka peraka  Little Maplet Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
Family: Nymphalidae, Subfamily: Limenitidinae 
133 Moduza procris milonia  Commander  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
134a Lebadea martha parkeri  Knight Resident 2014 EA EA EA EA C&P 1992, Jain 2015 
Native sub-species; 
now hybridizes with L. 
m. malayana 
134b Lebadea martha malayana  Knight Resident 2014 EA EA NR NR 
Khew pers. comm., 
Khew 2008, Jain 
2015 
Recorded since 2005; 
now hybridizes with L. 
m. parkeri.  
135 Athyma pravara helma  
Lance 
Sergeant  Resident 2014 EA EA EA NR Khew & Neo 1997 !
136 Athyma asura idita  Studded Sergeant Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
137 Athyma kanwa kanwa  
Dot-Dash 
Sergeant Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
138 Athyma reta moorei  
Malay Staff 
Sergeant Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
139 Athyma nefte subrata  
Colour 
Sergeant  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
140 Athyma perius perius  
Common 
Sergeant EX - EX EX EX EA Khew & Neo 1997 !
166$
$















current status Comments 
141 Pandita sinope sinope  Colonel  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
142 Neptis hylas papaja  
Common 
Sailor  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
143 Neptis leucoporos cresina  Grey Sailor  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
144 Neptis omeroda omeroda ! EX - EX NLEX NLEX EX C&P 1992 !
145 Neptis harita harita  
Chocolate 
Sailor  Resident 2014 EA EA EA NR Khew & Neo 1997 !
146 Neptis miah batara 
Small Yellow 
Sailor EX - EX EX EX EA Khew & Neo 1997 !




Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
148 Lasippa heliodore dorelia  
Burmese 
Lascar  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
149 Lasippa tiga siaka  Malayan Lascar  Resident 2014 EA EA EA NR C&P 1992, Jain 2015 !
150 Pantoporia hordonia hordonia  
Common 
Lascar  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
151 Pantoporia paraka paraka  Perak Lascar Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
152 Pantaporia sandaka sandaka ! EX - EX EX EX NR Khew & Neo 1997 !
153 Pantoporia dindinga  ! EX - EX EX EX EA Khew & Neo 1997 !
154 Pantoporia aurelia aurelia ! EX - EX EX EX EA Khew & Neo 1997 !
155 Parthenos sylvia lilacinus Clipper Vagrant 2013 EX EX EX EA 
Khew & Neo 1997; 
Jain 2014 
One sighting in 2013; 
Extinct as resident  
156 Tanaecia pelea pelea  
Malay 
Viscount  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
157 Tanaecia iapis puseda  
Horsfield's 
Baron Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
158 Tanaecia godartii puloa Malay Count EX - EX EX EX NR Khew & Neo 1997 !
159 Tanaecia clathrata violaria  ! EX - EX NLEX NLEX EX C&P 1992 !
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160 Euthalia monina monina  Malay Baron Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
161 Euthalia merta merta  
White Tipped 
Baron  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 !
162 Euthalia aconthea gurda  Baron  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
163 Euthalia adonia pinwilli  Green Baron Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
164 Euthalia djata rubidifascia ! EX - EX EX EX NR Khew & Neo 1997 !
165 Dophla evelina compta ! EX - EX EX EX EA Khew & Neo 1997 !
166 Bassarona teuta goodrichi ! EX - EX NLEX EX NR Khew & Neo 1997 !
167 Lexias dirtea merguia  
Black Tipped 
Archduke Resident 2014 EA EA EA NR Khew & Neo 1997 !
168 Lexias pardalis dirteana  Archduke Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
169 Lexias canescens pardalina  
Yellow 
Archduke Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
Family: Nymphalidae, Subfamily: Aparturinae 
170 Eulaceura osteria kumana Purple Duke Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
171 Euripus nyctelius euploeoides  Courtesan Resident 2013 EA EA EA EA C&P 1992, Jain 2014 !
Family: Nymphalidae, Subfamily: Charaxinae 
172 Prothoe franck uniformis Blue Begum EX - EX EX EX EA Khew & Neo 1997 !
173 Charaxes bernardus crepax  Tawny Rajah EX - EX EX EX EA Khew & Neo 1997 !
174 Charaxes solon echo  Black Rajah  Resident 2013 EA EA NLEX EX C&P 1992; Jain 2014 
Rediscovery from 
Upper Pierce area in 
2002. V. rare. Last 
sighting from BTNR 
175 Polyura hebe plautus Plain Nawab  Resident 2014 EA EA EA EA C&P 1992 !
176 Polyura schreiber tisamenus  Blue Nawab Resident 2014 EA EA EA EA C&P 1992 !
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177 Polyura moori moori 
Malayan 
Nawab Vagrant 2014 EX EX EX EX 
C&P 1992; NSS 
2012, Jain 2015 
Sighted from P. Ubin in 
2012 & 2014; Extinct as 
resident 
178 Polyura athamas athamas  
Common 
Nawab EX - EX NLEX NLEX EX C&P 1992 !
Family: Riodinidae, Subfamily: Riodininae 




emesoides ! EX - EX NLEX NLEX EX C&P 1992 !
181 Abisara geza niya Spotted Judy  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
182 Abisara savitri savitri  
Malay Tailed 
Judy  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
183 Abisara saturata kausambioides  
Malayan 
Plum Judy  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 !
184 Laxita thuisto thuisto 
Lesser 
Harlequin Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
185 Taxila haquinus haquinus  
The 
Harlequin Resident 2014 EA EA EX EA C&P 1992, Jain 2015 !
Family: Lycaenidae, Subfamily: Poritiinae 
186 Poritia philota philota  Malay Gem Resident 2001 EA EA EA EA 
C&P 1992, Gan CW 
pers. comm. 
Last sighting from Nee 
Soon forest in 2001 
187 Poritia sumatrae sumatrae  
Sumatran 
Gem Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
188 Poritia erycinoides phraatica ! EX - EX EX NLEX EX C&P 1992 !
189 Poritia pleurata  ! EX - EX NLEX NLEX EX C&P 1992 !
190 Simiskina phalena phalena ! EX - EX NLEX NLEX EX C&P 1992 !
191 Simiskina pheretia pheretia ! EX - EX NLEX NLEX EX C&P 1992 !
192 Simiskina pediada ! EX - EX EX NLEX EX C&P 1992 !
193 Simiskina phalia potina Blue Brilliant EX - EX EX EX EX Khew & Neo 1997 !
194 Deramas livens livens  ! EX - EX NLEX NLEX EX C&P 1992 !
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Family: Lycaenidae, Subfamily: Miletinae 
195 Miletus gaesa gaesa ! EX - EX EX EX EA Khew & Neo 1997 !
196 Miletus gopara gopara 
Round-band 
Brownie Resident 1998 EA EA EA EA 
C&P 1992, Khew 
pers. comm. 
Last sighting in 1998 
from Chestnut forest  
197 Miletus biggsii biggsii  
Bigg's 
Brownie Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
198 Miletus symethus petronius  
Great 
Brownie Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
199 Allotinus unicolor unicolor  
Lesser 
Darkie Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
200 Allotinus davidis ! EX - EX EX EX NR Khew & Neo 1997 !








substrigosus ! EX - EX EX EX EA Khew & Neo 1997 !
204 Allotinus horsfleldi permagnus ! EX - EX EX EX EA Khew & Neo 1997 !
205 Allotinus leogoron leogoron ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!
206 Allotinus corbeti ! EX - EX EX NLEX NR C&P 1992 !
207 Logania marmorata damis 
Common 
Mottle  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
208 Spalgis epius epius The Apefly Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
209 Taraka mahanetra ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!
210 Liphyra brassolis abbreviata  
Moth 
Butterfly Resident 2009 EA EX EX EA C&P 1992; BC 2009b 
Rediscovery in 2009. 
Very rare 
Family: Lycaenidae, Subfamily: Aphnaeinae 




Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
Family: Lycaenidae, Subfamily: Curetinae 
213 Curetis bulis stigmata ! EX - EX EX EX EA Khew & Neo 1997 !
214 Curetis sperthis sperthis ! EX - EX EX EX EA Khew & Neo 1997 !
215 Curetis tagalica jopa ! EX - EX NLEX NLEX EX C&P 1992 !
216 Curetis regula ! EX - EX EX EX EX Khew & Neo 1997 Thought extinct by C&P (1956) but later recorded by  C&P 
(1992)!
217 Curetis santana malayica  
Malayan 
Sunbeam Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
218 Curetis saronis sumatrana 
Sumatran 
Sunbeam Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
Family: Lycaenidae, Subfamily: Polyommatinae 




extinct 1990s EA EX  EA NR Khew 2008  
Reported from single 
specimen in MacRitchie 
in early 1990s  
220 Caleta elna elvira  Elbowed Pierrot Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
221 Everes lacturnus rileyi  Indian Cupid  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
222 Lycaenopsis haraldus haraldus ! EX - EX NLEX NLEX EX C&P 1992 !
223 Neopithecops zalmora zalmora The Quaker  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
224 Megisba malaya sikkima The Malayan  Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 !
225 Acytolepis puspa lambi  
Common 
Hedge Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
226 Zizina otis lampa  Lesser Grass Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
227 Zizula hylax pygmaea 
Pygmy 
Grass Blue  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
171$
$















current status Comments 
228 Zizeeria maha serica  
Pale Grass 
Blue  Resident 2014 EA EA NR NR NSS 2001, Jain 2015  
Non-native and 
discovered by S. Neo in 
2001 
229 Zizeeria karsandra Dark Grass Blue EX - EX EX EX EA Khew & Neo 1997 !
230 Chilades pandava pandava  Cycad Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
231 Euchrysops cnejus cnejus  Gram Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
232 Catochrysops strabo strabo 
Forget-Me-
Not Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




Resident 2014 EA EA EA EX C&P 1992, Khew & Neo 1997, Jain 2015 
Reported extinct by 
C&P 1992, wrongly 
entered by Khew & Neo 
1997 as new record, 
must be rediscovery 
instead 
234 Lampides boeticus  Pea Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
235 Jamides bochus nabonassar  
Dark 
Caerulean  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
236 Jamides alecto ageladas  
Metallic 
Caerulean  Resident 2014 EA EA EX EA 
C&P 1992,BC 2009c, 
Jain 2015 Rediscovered in 2008 
237 Jamides celeno aelianus  
Common 






Caerulean  Resident 2013 EA EA NR NR 
Khew 2008 , Jain 
2014 !
239 Jamides caeruleus caeruleus  Sky Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
240 Jamides elpis pseudelpis  
Glistening 
Caerulean Resident 2013 EA EA EX EA 
C&P 1992, BC 
2009d, Jain 2014 Rediscovered 
241 Jamides pura pura ! EX - EX EX EX EA Khew & Neo 1997 !
242 Jamides philatus subditus ! EX - EX EX EX NR Khew & Neo 1997 !
243 Jamides abdul abdul ! EX - EX EX EX EA Khew & Neo 1997 !
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pendleburyi ! EX - EX EX EX EA Khew & Neo 1997 !
245 Nacaduba hermus swatipa ! EX - EX EX EX EA Khew & Neo 1997 !
246 Nacaduba subperusia lysa ! EX - EX EX EX EA Khew & Neo 1997 !
247 Nacaduba russelli ! EX - EX EX EX NR Khew & Neo 1997 !
248 Nacaduba angusta kerriana  
White 
Fourline Blue Resident 2008 EA EX EX EA C&P 1992, BC 2009c Rediscovered in 2008 
249 Nacaduba sanaya elioti  
Jewel 
Fourline Blue Resident 2014 EA EX EX EA 
C&P 1992, BC 2008f, 
Jain 2015 Rediscovered in 2008 
250 Nacaduba pactolus odon  
Large 
Fourline Blue Resident 2014 EA EX EX EA 
C&P 1992, BC 
2009d, Jain 2015 Rediscovered in 2009 
251 Nacaduba kurava nemana 
Transparent 
Six-line Blue Resident 2014 EX EX EX EA C&P 1992, Jain 2015 Rediscovered 
252 Nacaduba pavana singapura  
Singapore 
Fourline Blue  Resident 2014 EA EX EX EA 
C&P 1992, BC 
2011e, Jain 2015 Rediscovered in 2010 
253 Nacaduba beroe neon 
Opaque Six-
line Blue Resident 2013 EA EA EA EA C&P 1992, Jain 2014 !
254 Nacaduba berenice icena  
Rounded 
Six-line Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
256 Nacaduba biocellata  
Two Spotted 
Line Blue Resident 2013 EA EA NR NR BC 2008g, Jain 2014 
Non-native. Possible 
introduction from 
Australia with plants. 
Sighted since 2004  
257 Ionolyce helicon merguiana  
Pointed Line 
Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
258 Prosotas lutea sivoka 
Banded Line 
Blue Resident 2013 NR NR NR NR BC 2012b, Jain 2014 
Breeding population 
discovered in 2012. 
Regular sightings since.  
259 Prosotas nora superdates  
Common 
Line-Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
260 Prosotas dubiosa lumpura  
Tailless Line 
Blue  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered in 2008. 
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261 Prosotas aluta nanda 
Barred Line 
Blue Resident 2012 NR NR NR NR BC 2014e, Jain 2013 
Cryptic species. 
Recorded since 2008 
but confirmed in 2014 
262 Una usta usta Singleton EX - EX EX EX EA Khew & Neo 1997 !
263 Catopyrops ancyra aberrans Ancyra Blue  Resident 2014 EA EA NR NR BC 2008c, Jain 2015 
Forest species. Missed 
by early authors. 
Sighted since 2004 
264 Petrelaea dana dana 
Dingy Line 
Blue  Resident 2014 EA EA NR NR 
Soon Chye pers. 
comm., Jain 2015 
First discovery in 2005 
from Central Ubin 
265 Anthene emolus goberus  Ciliate Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
266 Anthene lycaenina miya 
Pointed 
Ciliate Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
Family: Lycaenidae, Subfamily: Theclinae 
267 Arhopala lurida ! EX - EX EX EX NR Khew & Neo 1997 !
268 Arhopala allata pandora ! EX - EX EX EX EA Khew & Neo 1997 !
269 Arhopala delta ! EX - EX EX EX NR Khew & Neo 1997 !
270 Arhopala avathina avathina ! EX - EX EX EX EA Khew & Neo 1997 !




2014 EX EX EX EA 




272 Arhopala kurzi ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975 
273 Arhopala aroa aroa  ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!
274 Arhopala zambra zambra ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!
275 Arhopala vihara vihara ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!




metamuta ! EX - EX EX EX EA Khew & Neo 1997 !
278 Arhopala inornata inornata ! EX - EX EX EX EA Khew & Neo 1997 !
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lycaenaria ! EX - EX EX EX EA Khew & Neo 1997 !




Resident 2012 EX EX EX EA Jain 2013, BC 2015c Rediscovered. Bred in 2011 (see BC 2015c) 
281 Arhopala agrata agrata 
de Niceville's 
Dull Oakblue EX - EX EX EX EA Khew & Neo 1997 !
282 Arhopala milleri ! EX - EX EX EX EA Khew & Neo 1997 !
283 Arhopala phanda phanda ! EX - EX EX EX EA Khew & Neo 1997 !
284 Arhopala normani ! EX - EX EX EX NR Khew & Neo 1997 !












hypomuta ! EX - EX EX EX EA Khew & Neo 1997 !
289 Arhopala corinda acestes ! EX - EX EX EX EA Khew & Neo 1997 !
290 Arhopala ariel  ! EX - EX EX EX EA Khew & Neo 1997 !
291 Arhopala achelous achelous ! EX - EX EX EX EA Khew & Neo 1997 !
292 Arhopala fulla intaca ! EX - EX EX EX EA Khew & Neo 1997 !
293 Arhopala centaurus nakula 
Centaur 
Oakblue  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
294 Arhopala myrzala lammas 
Malayan 
Oakblue Resident 2012 EA EA EA EA C&P 1992, Jain 2013 !




Resident 2012 EA EA EA EA C&P 1992, Jain 2013 !
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296 Arhopala atosia malayana  
Tailed Disc 
Oakblue Resident 2013 EA EA EA EA C&P 1992, Jain 2014 !










Oakblue Resident 2013 EA EX EA EA C&P 1992, Jain 2014 
Rediscovered and bred 
since 2011 (see BC 
2011d) 
299 Arhopala major major 
Major Yellow 
Oakblue Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 !










Oakblue Resident 2013 EA EX EA EA C&P 1992, Jain 2014 Rediscovered 
302 Arhopala athada athada  
Vinous 
Oakblue  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
303 Arhopala sublustris ridleyi ! Resident 2014 EX EX EX NR C&P 1992, Jain 2015 Rediscovered 
304 Arhopala silhetensis adorea  
Sylhet 
Oakblue  Resident 2012 EA EX EX EA 
C&P 1992, BC 






Oakblue  Resident 2014 EA EX EX EA 
C&P 1992, BC 
2007b, Jain 2015 Rediscovered in 2007 




Resident 2013 EA EA EA EA C&P 1992, Jain 2014 !




Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !








EA EA EA EA C&P 1992, Khew 2008 
Khew & Neo 1997 
recorded as very rare. 
Recorded as extant by 
Khew 2008 
309 Arhopala abseus abseus 
Aberrant 
Oakblue  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
310 Flos diardi capeta Bifid Plushblue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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311 Flos fulgida singhapura 
Shining 
Plushblue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
312 Flos anniella anniella 
Darky 
Plushblue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
313 Flos apidanus saturatus 
Plain 
Plushblue  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
314 Semanga superba deliciosa  
The Red 
Edge Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
315 Surendra vivarna amisena  Acacia Blue Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
316 Surendra florimel  ! EX - EX NLEX NLEX EX C&P 1992 !
317 Iraota timoleon wickii ! EX - EX EX EX EA Khew & Neo 1997 !
318 Iraota rochana boswelliana  
Scarce 
Silverstreak Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




extinct  1999 EA EA EA NR Khew & Neo 1997 
Last sighting from 
Upper Pierce (Khew 
pers. comm.) 
320 Catapaecilma major emas  Gray Tinsel  Resident 2012 EA EA EX EA 
C&P 1992, BC 
2010b, Jain 2013 Rediscovered 
321 Loxura atymnus fuconius  Yamfly Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
322 Eooxylides tharis distanti  
Branded 
Imperial Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
323 Thamala marciana marciana  ! EX - EX NLEX NLEX EX C&P 1992 !
324 Cheritra freja frigga  
Common 
Imperial Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
325 Drupadia ravindra moorei  
Common 





Pygmy Posy Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
327 Drupadia theda thesmia  Dark Posy Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
328 Drupadia scaeva scaeva ! EX - EX EX NLEX EX C&P 1992 !
329 Horaga albimacula albistigmata Brown Onyx EX - EX EX EX EA Khew & Neo 1997 !
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malaya ! EX - EX EX EX NR Khew & Neo 1997 !
331 Horaga onyx sardonyx  
Common 
Onyx EX - EX EX EX EA Khew & Neo 1997 !
332 Horaga syrinx maenala  Ambon Onyx  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
333 Dacalana vidura azyada  ! EX - EX NLEX NLEX EX C&P 1992 !
334 Pratapa deva relata  White Royal Resident 2014 EA EA EX EA 
C&P 1992, BC 
2008h, Jain 2015 
Rediscovered and bred 
since 2008 
335 Pratapa icetoides calculis ! EX - EX EX EX EA Khew & Neo 1997 !
336 Tajuria cippus maxentius  
Peacock 
Royal Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
337 Tajurua sunia ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!
338 Tajuria mantra mantra 
Felder's 
Royal  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
339 Tajuria deudorix  ingeni ! EX - EX EX EX EA Khew & Neo 1997 !
340 Tajuria dominus dominus 
Sovereign 
Royal Resident 2015 EA EA EX EA 
C&P 1992, Chloe Tan 
pers. comm. 2015 Rediscovered 
341 Rachana jalindra burbona  
Banded 
Royal  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
342 Purlisa gigantea gigantea ! EX - EX EX EX EA Khew & Neo 1997 !
343 Jacoona anasuja anasuja  
Great 
Imperial Resident 2013 EA EA EA EA C&P 1992, Jain 2014 !
344 Neocheritra amrita amrita  
Grand 
Imperial Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
345 Manto hypoleuca terana  
Green 
Imperial Resident 2014 EA EX EX EA 
C&P 1992, BC 2008f, 
Jain 2015 Rediscovered in 2008 
346 Mantoides gama gama ! EX - EX EX EX EA Khew & Neo 1997 !
347 Remelana jangala travana  
Chocolate 
Royal Resident 2012 EA EA EA EA C&P 1992, Jain 2013 !
348 Pseudotajuria donatana 
Golden 
Royal  Resident 2013 EA EA EX EA C&P 1992, Jain 2014 Rediscovered 
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donatana  
349 Ancema blanka blanka  Silver Royal  Resident 2015 EA EA EX NR 
C&P 1992, Tsang A. 





Dark Tit Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
351 Hypolycaena erylus teatus  Common Tit Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
352 Zeltus amasa maximinianus  Fluffy Tit Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
353 Deudorix epijarbas cinnabarus  Cornelian Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
354 Deudorix elioti Eliot's Cornelian Resident 2012 EA EA EX NR 
C&P 1992, NSS 
2003, Jain 2013 Rediscovered in 2003 
355 Deudorix staudingeri 
Large 
Cornelian Resident 2012 EX  EX EX EA C&P 1992, SC 2015a Rediscovered in 2012  
356 Drina cowani ! EX - EX EX EX EA Khew & Neo 1997 !357 Drina maneia ! EX - EX NLEX NLEX EX C&P 1992 !





Pitcher Blue  Resident 2012 EA EA EA EA C&P 1992, Jain 2013 !
360 Sinthusa nasaka amba 
Narrow 
Spark Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 !
361 Bindahara phocides phocides  The Plane Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
362 Bullis buto cowani ! EX - EX EX EX EA Khew & Neo 1997 !
363 Rapala abnormis abnormis ! EX - EX EX EX EA Khew & Neo 1997 !
364 Rapala damona ! EX - EX EX EX NR Khew & Neo 1997 !365 Rapala cowani ! EX - EX EX EX EA Khew & Neo 1997 !
366 Rapala domitia domitia Yellow Flash  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
367 Rapala suffusa barthema  
Suffused 
Flash Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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368 Rapala pheretima sequeira  
Copper 
Flash Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
369 Rapala dieneces dieneces  Scarlet Flash Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
370 Rapala iarbus iarbus  
Common 
Red Flash  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
371 Rapala manea chozeba  Slate Flash Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
372 Rapala varuna orseis Indigo Flash Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
373 Araotes lapithis uruwela  ! EX - EX EX NLEX EX C&P 1992 !
374 Sithon nedymond nedymond The Plush EX - EX NLEX NLEX EX C&P 1992 !
Family: Hesperiidae, Subfamily: Coeliadinae 




Resident 2014 EA EA EA EX C&P 1992, Jain 2015 !
376 Bibasis harisa consobrina  
Orange 
Awlet Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
377 Bibasis sena uniformis  
Orange-Tail 
Awl Resident 2014 EA EA NR NR 
NSS 2002c, Jain 
2015 
New record in 2002 
(Gan CW pers. comm.) 
378 Bibasis oedipodea  ! EX - EX NLEX NLEX EX C&P 1992 !
379 Hasora chromus chromus  
Common 
Banded Awl Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
380 Hasora taminatus malayana 
White 
Banded Awl Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
381 Hasora schoenherr chuza  
Yellow 
Banded Awl Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
382 Hasora badra badra  
Common 
Awl Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
383 Hasora vitta vitta  Plain Banded Awl Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
384 Hasora lizetta ! EX - EX EX EX EA Khew & Neo 1997 !
385 Badamia exclamationis  Brown Awl Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
386 Choaspes plateni caudatus  ! EX - EX EX NLEX EX C&P 1992 !
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crawfurdi ! EX - EX EX EX EA Khew & Neo 1997 !
Family: Hesperiidae, Subfamily: Pyrginae 
388 Capila phanaeus ferrea  ! EX - EX EX NLEX EX C&P 1992 !
389 Tapena thwaitesi bornea  Black Angle Resident 2014 EA EA EA NR 







Flat  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
391 Celaenorrhinus asmara asmara  
White 
Banded Flat Resident 2011 EX EX EX EA 
Khew & Neo 1997, 
BC 2011f Rediscovered in 2011  
392 Pseudocoladenia dan dhyana  
Fulvous Pied 
Flat  Resident 2013 EA EA NR NR 
NSS 2002c, Jain 
2014 
Discovered in 2002 
(Chan K. M. Simon 
pers. comm.) 




extinct  2001 EA EA EA EA C&P 1992 
Last sighting from 
BTNR in 2001 (Gan 
CW pers. comm.) 
394 Gerosis tristis ! Vagrant or potentially 
extinct  
2004 EA EX EX NR Khew & Neo 1997 
One sighting in 2004 
(Sunny Chir pers. 
comm.). Previously 
misidentified as G. 
sinica minima in Khew 
(2010) 
395 Gerosis phisara phisara ! Potentially extinct  No recent sightings EX EA EA NR Khew & Neo 1997, Khew 2008 !
396 Tagiades japetus atticus  
Common 
Snow Flat Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
397 Tagiades gana gana  
Large Snow 
Flat Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
398 Tagiades ultra Ultra Snow Flat Resident 2014 EA EA EA EX 
C&P 1992, Khew & 
Neo 1997,  Jain 2015 
Reported extinct by 
C&P 1992, wrongly 
entered by Khew & Neo 
1997 as new record, 



















current status Comments 











Angle Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !





Bush Hopper Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
403 Halpe insignis ! EX - EX EX NLEX EX C&P 1992 !
404 Halpe elana ! EX - EX EX EX NR Khew 2008, Fleming 1991 Recorded by Fleming (1991) prior to 1975!
405 Halpe ormenes vilasina 
Dark Banded 
Ace Resident 2013 EA EA EA NR C&P 1992, Jain 2014 !
406 Iambrix salsala salsala  
Chestnut 
Bob Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
407 Iambrix stellifer  Starry Bob  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !408 Idmon distanti ! EX - EX EX EX EA Khew & Neo 1997 !
409 Idmon obliquans obliquans ! EX - EX EX EX EA Khew & Neo 1997 !
410 Psolos fuligo fuligo ! EX - EX EA EX EA Khew & Neo 1997 !
411 Astictopterus jama jama  
Forest 
Hopper  Resident 2013 EA EX EX EA C&P 1992, Jain 2014 Rediscovered 
412 Ancistroides nigrita maura  
Chocolate 




gemmifer ! EX - EX NLEX NLEX EX C&P 1992 !
414 Notocrypta paralysos varians  
Banded 
Demon Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
415 Notocrypta clavata clavata ! EX - EX EX EX EA Khew & Neo 1997 !
416 Udaspes folus  Grass Demon Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
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current status Comments 
417 Suastus gremius gremius Palm Bob  Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 
Possible introduction 
from Malaysia with 
palms 
418 Suastus everyx everyx 
White Palm 
Bob Resident 2014 EA EA EA NR 
Khew & Neo 1997, 
Jain 2015 !
419 Zographetus doxus 
Spotted 
Flitter Resident 2014 EA EA EX NR C&P 1992, Jain 2015 Rediscovered 




Resident 2013 EX EX EX EA C&P 1992, Jain 2014 Rediscovered in 2013. Cryptic forest species 
421 Zographetus rama ! EX - EX EX EX NR Khew & Neo 1997 !
422 Hyarotis adrastus praba Tree Flitter  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
423 Hyarotis microsticta 
White Club 
Flitter Vagrant 2015 NR NR NR NR NSS 2015, SC 2015b 
New record. One 
sighting from P. Ubin in 
2015  
424 Quedara monteithi monteithi 
Dubious Bar 
Flitter Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
425 Isma protoclea obscura ! EX - EX NLEX NLEX EX C&P 1992 !
426 Isma bononia bononia ! EX - EX NLEX NLEX EX C&P 1992 !
427 Plastingia naga Chequered Lancer  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




Resident 2014 EA EA EA EX C&P 1992, Jain 2015 !
429 Salanoemia tavoyana  
Yellow 
Streak Darter Resident 2013 NR NR NR NR BC 2011h, Jain 2014 New discovery in 2011  
430 Salanoemia sala ! EX - EX NLEX NLEX EX C&P 1992 !
431 Pemara pugnans Pugnacious Lancer Resident 2013 EA EA EX EA C&P 1992, Jain 2014 
Rediscovered from 
Mandai Orchid garden 
prior to 2010. 
432 Pyroneura latoia latoia  
Yellow Vein 
Lancer Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
433 Pyroneura derna ! EX - EX NLEX NLEX EX C&P 1992 !
434 Zela storeyi (or Zela zenon) 
Detritus 
Palmer Resident 2014 EA EA EA EA 



















current status Comments 
435 Zela cowani ! EX - EX EX EX NR Khew & Neo 1997 !
436 Gangara thyrsis thyrsis  
Giant 
Redeye Resident 2014 EA EA EA EX C&P 1992, Jain 2015 !
437 Gangara lebadea lebadea  
Banded 
Redeye  Resident 2012 EA EX EX EA C&P 1992, Jain 2013 
Rediscovered after 
2008 
438 Matapa aria  Common Redeye  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




Resident 2013 EA EA EA EA C&P 1992, Jain 2014 !
440 Erionota thrax thrax  
Banana 
Skipper  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




Resident 2014 EA EA EA NR C&P 1992, Jain 2015 !
442 Erionota sybirita ! EX - EX NLEX NLEX EX C&P 1992 !
443 Unkana ambasa batara  
Hoary 
Palmer  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
444 Hidari irava  Coconut Skipper Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
445 Eetion elia White Spot Palmer Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
446 Acerbas anthea anthea ! EX - EX NLEX NLEX EX C&P 1992 !
447 Pirdana hyela rudolphii ! EX - EX NLEX NLEX NR C&P 1992 !
448 Taractrocera ardonia lamia 
Spotted 
Grass Dart Resident 2012 EA EA EA EX 
C&P 1992, Khew & 
Neo 1997, Jain 2013 
Reported extinct by 
C&P 1992, wrongly 
entered by Khew & Neo 
1997 as new record, 
must be rediscovery 
instead 
449 Taractrocera archias quinta 
Yellow Grass 
Dart Resident 2014 EA EA NR NR 
Soon Chye pers. 
comm., Jain 2015 Discovered in 2005 
450 Oriens gola pseudolus  
Common 
Dartlet Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
451 Oriens paragola  Malay Dartlet Resident 2014 NR NR NR NR BC 2011i, Jain 2015 Discovered in 2011 
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452 Potanthus omaha omaha  Lesser Dart Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
453 Potanthus trachala tytleri  
Detached 
Dart Resident 2014 EX EX EX EA 
C&P 1992,BC 2011g, 





Large Dart Resident 2014 EA EX EX EA C&P 1992, BC 2010a, Jain 2015 Rediscovered in 2010 
455 Potanthus juno juno ! EX - EX EX EX EA Khew & Neo 1997 !
456 Potanthus confucius dushta ! EX - EX EX EX EA Khew & Neo 1997 !
457 Potanthus ganda ganda ! Vagrant 2013 NR NR NR NR SC 2015c 
Cryptic species likely 
missed by earlier 
authors. Discovered in 
2013 but only reliably 
identified now with 
genitalia in 2015  
458 Cephrenes acalle niasicus  
Plain Palm 
Dart  Resident 2014 EA EX EX EA 
C&P 1992, BC 2010c, 
Jain 2015 
Rediscovered and bred 
since 2010 (see BC 
2010c). 
459 Cephrenes trichopepla  
Yellow Palm 
Dart  Resident 2014 EA NR NR NR BC 2010d, Jain 2015 
Non-native. Established 
from Australia. 
Recorded since 1999 
but identity confirmed 
only in 2010  
460 Telicota colon stinga  
Common 
Palm Dart Resident 2014 EA EX EX EA 
C&P 1992, BC 
2010a, Jain 2015 Rediscovered in 2010 
461 Telicota besta bina  
Besta Palm 
Dart  Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
462 Telicota augias augias  Palm Dart  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
463 Telicota linna Linna Palm Dart Resident 2015 NR NR NR NR 
BC 2015c, S.C. Chan 
pers. comm. (2010) 
New discovery since 
2007  
464 Borbo cinnara Formosan Swift Resident 2014 EA EX EX EA 
C&P 1992, SC 2010, 
Jain 2015 Rediscovered in 2010 
465 Parnara bada bada ! EX - EX EX EX EA Khew & Neo 1997 !
466 Parnara ganga ! EX - EX EX NLEX EX C&P 1992 !
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Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
468 Pelopidas agna agna Bengal Swift Resident 
2010-
2015 EX EX EX EA 
Khew & Neo 1997, 
SC 2010b, BC 2015e 
Rediscovered in 2010. 
Cryptic species 
469 Pelopidas assamensis  Great Swift  Resident 2014 EA EA NR NR 
NSS 2002c, Khew 
2008, Jain 2015 
Discovered in 2002 






Swift Resident 2014 EA NR NR NR 
S.C. Chan pers. 
comm., Jain 2015 Discovered in 2005  
471 Polytremis lubricans lubricans  
Contiguous 
Swift Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !




Resident 2013 EA EA EX EA C&P 1992, Jain 2014 Rediscovered 
473 Baoris oceia  Paintbrush Swift  Resident 2014 EA EA EX EA C&P 1992, Jain 2015 Rediscovered 
474 Caltoris cormasa Full Stop Swift Resident 2014 EA EA EA EA C&P 1992, Jain 2015 !
475 Caltoris philippina philippina 
Philippine 
Swift Resident 2012 EA EA EA EA C&P 1992, Jain 2013 !
476 Caltoris malaya Malayan Swift Resident 2014 EX EX EX EA 
C&P 1992, Jain 2015, 
BC 2015e 
Rediscovered since 





Table 1.S2 Number of butterfly species recorded in each family from Singapore. 
Numbers in square brackets are the number of species believed to be potentially extinct 
in the past 25 years (1990 – 2015). They are listed besides extinct species for 
comparison. Extinctions in this table have not been back corrected for rediscovered 
species but extant species have been corrected for species that were known extant but 
missed by the authors of that list. 
 
Family Historic  (C&P 1956) 








Papilionidae 1 3 3 3 2 
Pieridae 1 9 9 8 6  
Nymphalidae 20 44 40 39 34  
Riodinidae 1 4 2 2 2 
Lycaenidae 19 103 91 81 76  
Hesperiidae 17 42 36 31 25   
TOTAL 
EXTINCT 59 205 181 164 145  
Papilionidae 14 13 14 14 18 
Pieridae 22 15 16 17 22 [1] 
Nymphalidae  90 79 84 88 95 [3] 
Riodinidae 6 3 5 5 5 
Lycaenidae 139 79 94 106 113 [2] 
Hesperiidae 61 48 58 65 79 [3] 
TOTAL EXTANT 332 237 271 295 331 [9] 
TOTAL EXTANT 
+ EXTINCT 391 442 452 459 476 
 
* Khew & Neo (1997) had originally missed 52 species that were already listed extinct from Singapore by 
Corbet & Pendlebury (1992) and a further of 9 species that were listed as extant by Fleming (1991). These 
were added in this table. For details see species with ‘NLEX’ and ‘NLEA’ classification in Table 1.S1. 
 
** Khew (2008) had missed 36 species that were already known from Singapore in 2008. These were added 







Table 1.S3 Potential butterfly species extinctions in Singapore from 1990 – 2015. 
Last sightings of these species were single specimen sightings and > 10 years ago.  
Abbreviations: M = Primary and mature (old) secondary forest, D = Degraded (young) 
secondary forest and scrub, U = Urban parks.   
 
S. No Scientific name Common Name Last sighting 
Habitats 
utilized  
  Family: Pieridae, Subfamily: Pierinae     
1 Delias pasithoe parthenope  Red Base Jezebel  Early 1990s  M 
  Family: Nymphalidae, Subfamily: Danainae   
2 Euploea camaralzeman malayica  Malayan Crow  1999 M 
  Family: Nymphalidae, Subfamily: Satyrinae   
3 Elymnias penanga penanga  Pointed Palmfly 1990s D 
4 Ypthima fasciata torone  Scarce Six Ring 2004 M 
  Family: Lycaenidae, Subfamily: Lycaeninae   
5 Castalius rosimon rosimon  Common Pierrot  Early 1990s  M 
6 Iraota distanti distanti   Spotted Silverstreak 1999 M 
  Family: Hesperiidae, Subfamily: Pyrginae   
7 Gerosis limax dirae Black and White Flat 2001 M 
8 Gerosis tristis 
$
2004 M 








Table 1.S4 New butterfly species discoveries in Singapore from 1997 – 2015.  
Abbreviations and notations same as Table 1.S3 





  Family: Papilionidae, Subfamily: Papilioninae   !!
1 Papilio helenus helenus Red Helen Vagrant 2014 U 
2 Graphium euryplus mecisteus Great Jay Vagrant 2014 M 
3 Graphium doson evemonides  Common Jay Resident 2005 D 
4 Graphium bathycles bathycloides Striped Jay Vagrant 2010 M 
  Family: Pieridae, Subfamily: Pierinae       
5 Prioneris philonome themana  Red Spot Sawtooth Vagrant 2014 M 
6 Appias paulina distanti Lesser Albatross Vagrant 2014 U 
7 Appias indra indra Plain Puffin Vagrant 2012 Not enough data 
8 Hebomoia glaucippe aturia  Great Orange Tip Vagrant  2004 Not enough data 
  Family: Nymphalidae, Subfamily: Danainae     
9 Ideopsis juventa sitah Grey Glassy Tiger Vagrant 2014 D 
  Family: Nymphalidae, Subfamily: Heliconiinae     
10 Acraea violae  Tawny Coster  Resident, Non native 2006 D, U 
11 Cethosia cyane  Leopard Lacewing Resident, Non native 2005 D, U 
12 Cirrochroa tyche rotundata Common Yeoman Vagrant 2015 U 
  Family: Nymphalidae, Subfamily: Biblidinae     
13 Symbrenthia hippoclus selangorana Malayan Jester Vagrant 2012 M, D 
14 Vanessa cardui  Painted Lady  Vagrant 2007 D, U 
15 Vanessa indica indica  Indian Red Admiral Vagrant 2008 D, U 
  Family: Lycaenidae, Subfamily: Polyommatinae       
16 Zizeeria maha serica  Pale Grass Blue  Resident, Non native 2001 D, U 
17 Jamides malaccanus malaccanus  Malaccan Caerulean  Resident Early 2000s M 
18 Nacaduba biocellata  Two Spotted Line Blue 
Resident, 
Non native 2004 D, U 
19 Prosotas lutea Banded Line Blue Resident 2013 D 
20 Prosotas aluta nanda Barred Line Blue Resident 2008 M 
21 Catopyrops ancyra aberrans Ancyra Blue  Resident 2004 D, U 
22 Petrelaea dana dana Dingy Line Blue  Resident 2005 D, U 
  Family: Hesperiidae, Subfamily: Coeliadinae     
23 Bibasis sena uniformis  Orange-Tail Awl Resident 2002 M 
  Family: Hesperiidae, Subfamily: Pyrginae       
24 Pseudocoladenia dan dhyana  Fulvous Pied Flat  Resident 2002 M, D 
25 Mooreana trichoneura trichoneura Yellow Flat Resident 2012 M, D 
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  Family: Hesperiidae, Subfamily: Hesperiinae       
26 Hyarotis microsticta White Club Flitter Vagrant 2015 D 
27 Salanoemia tavoyana  Yellow Streak Darter Resident 2011 D 
28 Taractrocera archias quinta Yellow Grass Dart Resident 2005 D, U 
29 Oriens paragola  Malay Dartlet Resident 2011 M, D 
30 Potanthus ganda Vagrant 2013 Not enough data 
31 Cephrenes trichopepla  Yellow Palm Dart  Resident, Non native 2010 U 
32 Telicota linna Linna Palm Dart Resident 2007 D, U 
33 Pelopidas assamensis  Great Swift  Resident 2002 M, D, U 













Table 1.S5 Rediscovered butterfly species in Singapore from 1997 – 2015.  
Abbreviations and notations same as Table 1.S3  
*Of 61 species listed, Doleschallia bisaltide pratipa was not counted as a separate species in the 
analysis because Doleschallia bisaltide ?bisaltide var. was already counted as species in the extant list.  





  Family: Papilionidae, Subfamily: Papilioninae   !!




2011 D, U 
  Family: Pieridae, Subfamily: Pierinae       
2 Pareronia valeria lutescens  Wanderer Vagrant, EX 2011 D 
3 Saletara liberia distanti Malaysian Albatross Vagrant, EX 2014 M 
  Family: Pieridae, Subfamily: Coliadinae       
4 Eurema brigitta senna  No Brand Grass Yellow  Resident 2006 D 
  Family: Nymphalidae, Subfamily: Danainae       
5 Parantica aspasia aspasia  Yellow Glassy Tiger  Vagrant, EX 2008 D 
6 Idea leuconoe chersonesia  Mangrove Tree Nymph  Resident 
Early 
2000s D 
7 Euploea tulliolus ledereri  Dwarf Crow  Resident 2002 M, D 
  Family: Nymphalidae, Subfamily: Heliconiinae     
8 Vagrans sinha sinha Vagrant Vagrant, EX 2013 M, D, U 
9 Cirrochroa emalea emalea Malay Yeoman Vagrant, EX 2013 M 
  Family: Nymphalidae, Subfamily: Biblidinae     
10 Ariadne ariadne ariadne Angled Castor Vagrant, EX 2013 D 
11 Doleschallia bisaltide pratipa  Autumn Leaf Resident 2000s M, D 
  Family: Nymphalidae, Subfamily: Limenitidinae     
12 Parthenos sylvia lilacinus Clipper Vagrant, EX 2013 M, D 
13 Euthalia merta merta  White Tipped Baron  Resident Early 2000s M 
  Family: Nymphalidae, Subfamily: Charaxinae     
14 Charaxes solon echo  Black Rajah  Resident 2002 M 
15 Polyura moori moori Malayan Nawab Vagrant, EX 2012, 2014 D 
  Family: Riodinidae, Subfamily: Riodininae       
16 Abisara saturata kausambioides  Malayan Plum Judy  Resident Early 2000s M, D 
17 Taxila haquinus haquinus  The Harlequin Resident Early 2000s D 
  Family: Lycaenidae, Subfamily: Miletinae       
18 Liphyra brassolis abbreviata  Moth Butterfly Resident 2009 M 
  Family: Lycaenidae,  Subfamily: Polyommatinae       
19 Jamides alecto ageladas  Metallic Caerulean  Resident 2008 D 
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20 Jamides elpis pseudelpis  Glistening Caerulean Resident Early 2000s D, U 
21 Nacaduba angusta kerriana  White Fourline Blue Resident 2008 M 
22 Nacaduba sanaya elioti  Jewel Fourline Blue Resident 2008 M 
23 Nacaduba pactolus odon  Large Fourline Blue Resident 2009 M, D, U 
24 Nacaduba kurava Transparent Six-line Blue Resident 
After 
2010 M, D 
25 Nacaduba pavana singapura  Singapore Fourline Blue  Resident 2011 M 
26 Nacaduba calauria malayica Malayan Dark Six-line Blue Resident 2000s M, D 
27 Prosotas dubiosa lumpura  Tailless Line Blue  Resident 2008 M, D, U 
  Family: Lycaenidae,  Subfamily: Theclinae       
28 Arhopala muta maranda Mutal Oakblue Resident 2010 M 
29 Arhopala alitaeus pardenas Purple Broken-Band Oakblue Resident 2011 M 
30 Arhopala sublustris ridleyi Resident After 2010 M, D 
31 Arhopala silhetensis adorea  Sylhet Oakblue  Resident 2008 M 
32 Arhopala eumolphus maxwelli  Green Oakblue  Resident 2007 M 
33 Catapaecilma major emas  Gray Tinsel  Resident 2000s M, D 
34 Pratapa deva relata  White Royal Resident 2008 M, D 
35 Tajuria mantra mantra  Felder's Royal  Resident 2000s M, D 
36 Tajuria dominus dominus Sovereign Royal Resident 2000s M, D 
37 Rachana jalindra burbona  Banded Royal  Resident 2000s M, D 
38 Manto hypoleuca terana  Green Imperial Resident 2008 M 
39 Pseudotajuria donatana donatana  Golden Royal  Resident 2000s M, D 
40 Ancema blanka blanka  Silver Royal  Resident 2000s M,D 
41 Deudorix elioti Eliot's Cornelian Resident 2002 M 
42 Deudorix staudingeri Large Cornelian Resident 2012 M 
43 Bindahara phocides phocides  The Plane Resident 2000s M 
44 Rapala pheretima sequeira  Copper Flash Resident 2000s M, D 
  Family: Hesperiidae, Subfamily: Pyrginae       
45 Celaenorrhinus asmara asmara  White Banded Flat Resident 2011 M, D 






  Family: Hesperiidae, Subfamily: Hesperiinae     
47 Astictopterus jama jama  Forest Hopper  Resident 2000s M, D 
48 Zographetus doxus Spotted Flitter Resident 2000s M 
49 Zographetus ogyzia ogyzia Purple Spotted Flitter Resident 2013 M, D 
50 Pemara pugnans pugnans Pugnacious Lancer Resident 2000s M 
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51 Gangara lebadea lebadea  Banded Redeye  Resident 2008 M 
52 Potanthus trachala tytleri  Detached Dart Resident 2011 M, D 
53 Potanthus serina (or Potanthus hetaerus serina) Large Dart Resident 2010 M, D 
54 Cephrenes acalle niasicus  Plain Palm Dart  Resident 2010 D, U 
55 Telicota colon stinga  Common Palm Dart Resident 2010 D, U 
56 Telicota augias augias  Palm Dart  Resident 2000s D, U 
57 Borbo cinnara Formosan Swift Resident 2010 D, U 
58 Pelopidas agna agna Bengal Swift Resident 2010 D, U 








61 Caltoris malaya Malayan Swift Resident 2014 M, D, U 
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Table 2.S1 Ecological traits of 209 butterfly species used for correlates analysis in chapter 2 
(Abbreviations used in the table – Family: Pap = Papiliolidae, Pie = Pieridae, Rio=Riodinidae, Nym=Nymphalidae, Lyc=Lycaenidae, 
Hes=Hesperiidae; Hab spec = Habitat specialization (1=Forest restricted, 0 = Urban adapted); RDB = Status of species in Singapore Red Data 
Book [see Davison et al. 2008]: EXT = Species thought extinct but now extant, CR = Critically endangered, EN = Endangered, VU = Vulnerable, 
DD = Data Deficient, NT = Not threatened; LHP=Larval Host Plant: C=Common, I=Intermediate, R=Rare, U= Unknown; LHP spec = Larval host 
plant specificity: Mono= Monophagous, Oligo = Oligophagous, Poly=Polyphagous; SexDi=Sexual dichromatism; Consp=Adult 
conspicuousness; Geog range = Global geographic range: Nar (Narrow), Mod (Moderate), Wide ; Larval Greg = Larval gregariousness; Flight 
height: Canopy= Canopy species, Mid=Mid-canopy species, Under=Understory species; NA = Missing data). 209 species consist of 192 real 
species and 17 morphospecies created from the original dataset of 281 species to correct for look-alike congener species  
 
























1 Pap Troides helena cerberus  0 VU I I 1 mono 85 10 low med Mod Solitary 2 Canopy 
2 Pap Pachliopta aristolochiae asteris  0 VU I I 2 oligo 50 7.67 low med Mod Social 1 Mid 
3 Pap Chilasa clytia clytia  0 NT C C 1 mono 45 7.67 low med Wide Solitary 2 Mid 
4 Pap Papilio demoleus malayanus  0 NT C C 4 poly 42.5 8 low high Wide Solitary 6 Mid 
5 Pap Papilio demolion demolion  1 NT I R 2 oligo 47.5 7.67 low med Mod Social 6 Mid 
6 Pap Papilio iswara iswara  1 NT C R 1 mono 72.5 8.33 low med Mod NA 6 Canopy 
7 Pap Papilio polytes romulus  0 NT C C 3 oligo 47.5 7.67 high med Wide NA 6 Mid 
8 Pap Papilio memnon agenor  0 NT I C 1 mono 70 8 med med Mod NA 6 Canopy 
9 Pap Papilio prexaspes prexaspes  1 VU I U NA NA 52.5 8 low med Mod NA 6 Canopy 
10 Pap Graphium sarpedon luctatius  0 NT C C 2 oligo 40 7.33 low med Wide NA 3 Canopy 
11 Pap Graphium evemon eventus  1 NT C C 1 mono 37.5 7.33 low med Mod NA 3 Canopy 
12 Pap Graphium doson evemonides  1 CR R R 1 mono NA 7.33 NA NA NA NA NA Canopy 
13 Pap Graphium agamemnon agamemnon  0 NT C C 4 poly 45 7.33 low med Wide Solitary 3 Canopy 
14 Pap Pathysa antiphates itamputi  1 NT I R 1 mono 42.5 7.33 low high Mod Solitary 1 Canopy 
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15 Pie Delias hyparete metarete  0 NT C C 1 mono 37.5 7.67 low high Mod Social 3 Canopy 
16 Pie Leptosia nina malayana  0 NT C C 1 mono 20.5 3 low high Wide Solitary 1 Under 
17 Pie Appias lyncida vasava  1 NT R R 1 mono 28 8.67 high high Mod Social 3 Canopy 
18 Pie Appias libythea olferna  0 NT C C 1 mono 26.5 6 high high Mod NA 3 Canopy 
19 Pie Catopsilia pyranthe pyranthe  0 NT I C 1 mono 32.5 6.33 low high Mod Solitary 3 Canopy 
20 Pie Catopsilia pomona pomona 0 NT C C 1 mono 36 8.33 low high Wide Solitary 3 Canopy 
21 Pie Catopsilia scylla cornelia  0 NT C C 1 mono 30 6.33 low high Wide Solitary 3 Canopy 
22 Pie Eurema brigitta senna  0 DD R C 1 mono 19 5.5 low high Wide NA 7 Mid 
23 Pie Gandaca harina distanti  1 NT C C 2 oligo 22.5 5.33 low high Wide Solitary 1 Canopy 
24 Pie Eurema spp. 0 NT C C 8 poly 20.25 5.08 low high Mod Social 7 Mid 
25 Nym Danaus chrysippus chrysippus  0 NT C C 3 oligo 37.5 7.33 low high Wide NA 3 Mid 
26 Nym Danaus genutia genutia  0 NT I R 1 mono 42.5 7.33 low high Wide Solitary 3 Mid 
27 Nym Danaus melanippus hegesippus  0 NT I R 1 mono 42.5 7 low high Mod NA 3 Mid 
28 Nym Parantica agleoides agleoides  0 NT C C 1 mono 37.5 7 low med Mod Solitary 2 Canopy 
29 Nym Ideopsis vulgaris macrina  0 NT C C 1 mono 37.5 7 low med Mod NA 2 Canopy 
30 Nym Idea stolli logani  0 NT I U NA NA 75 7.67 low high Mod NA 2 Canopy 
31 Nym Idea leuconoe chersonesia  1 CR R U NA NA 80 6.67 low high Mod Solitary 2 Canopy 
32 Nym Euploea crameri bremeri  0 NT I R 2 oligo 52.5 7 low low Mod NA 9 Canopy 
33 Nym Euploea camaralzeman malayica  1 CR R R 1 mono 62.5 7.33 low low Wide Solitary 9 Canopy 
34 Nym Euploea eyndhovii gardineri  1 NT I U NA NA 42.5 7.33 low low Mod NA 9 Canopy 
35 Nym Euploea mulciber mulciber  0 NT C C 2 poly 50 7 med med Mod Solitary 9 Canopy 
36 Nym Euploea phaenareta castelnaui  0 NT C C 1 mono 60 7.33 low med Wide NA 9 Canopy 
37 Nym Euploea midamus singapura  0 NT R C 1 mono 42.5 7 low low Mod Solitary 9 Canopy 
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38 Nym Euploea tulliolus ledereri  1 EN R R 2 oligo 32.5 6.67 low low Wide NA 9 Canopy 
39 Nym Euploea radamanthus radamanthus  1 NT I U NA NA 37.5 7 low med Mod NA 9 Canopy 
40 Nym Melanitis leda leda  0 NT I C 1 mono 37.5 3.33 low low Mod NA 1 Under 
41 Nym Elymnias panthera panthera  0 NT I C 2 oligo 35 3.67 low low Narrow Solitary 4 Mid 
42 Nym Elymnias hypermnestra agina  0 NT C C 5 oligo 40 3.67 low low Mod Solitary 4 Mid 
43 Nym Elymnias penanga penanga  1 CR R U NA NA 32.5 3.33 high med Mod NA 4 Mid 
44 Nym Lethe europa malaya  1 NT R U 2 poly 31.5 2.33 med low Mod Solitary 1 Under 
45 Nym Mycalesis orseis nautilus  1 NT R I NA NA 24 2.67 low low Mod Solitary 6 Under 
46 Nym Orsotriaena medus cinerea  0 NT C C 1 mono 21.5 2.67 low low Wide NA 1 Under 
47 Nym Ypthima fasciata torone  1 CR R U NA NA 18.5 2.67 low low Narrow NA 5 Under 
48 Nym Mycalesis spp 0 NT C C 4 poly 23 2.67 low low Mod Solitary 6 Under 
49 Nym Ypthima spp 0 NT C C 3 oligo 19.7 2.67 low low Mod Solitary 5 Under 
50 Nym Faunis canens arcesilas  1 NT C C 1 mono 30 2.33 low low Mod Social 1 Under 
51 Nym Amathusia phidippus phidippus  0 NT I C 1 mono 52.5 3 low high Mod Social 1 Under 
52 Nym Zeuxidia amethystus amethystus  1 NT I U NA NA 52.5 3.33 high med Mod Solitary 2 Under 
53 Nym Thaumantis klugius lucipor  1 NT R U NA NA 47.5 3.33 med high Narrow NA 2 Under 
54 Nym Discophora sondaica despoliata  1 CR R R 1 mono 37.5 2 low low Mod Social 1 Under 
55 Nym Acraea violae  0 NT I C 1 mono NA 6.33 NA NA NA NA NA Under 
56 Nym Cethosia hypsea hypsina  1 NT C I 1 mono 43.5 5.33 low high Mod Social 2 Mid 
57 Nym Cethosia penthesilea methypsea  1 CR R U NA NA 41.5 5.33 low high Mod Social 2 Mid 
58 Nym Phalanta phalantha phalantha  0 NT C C 2 oligo 27.5 5 low high Mod Solitary 1 Mid 
59 Nym Cupha erymanthis lotis  1 NT C I 1 mono 27.5 5 low high Mod Solitary 1 Mid 
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60 Nym Cirrochroa orissa orissa  1 NT C U NA NA 30 5.67 low high Mod NA 1 Mid 
61 Nym Vindula dejone erotella  1 NT C I 1 mono 42.5 5.33 high high Wide Solitary 1 Mid 
62 Nym Terinos terpander robertsia  1 NT I R 1 mono 31.5 4.67 low high Mod Solitary 1 Mid 
63 Nym Hypolimnas anomala anomala  0 NT C C 1 mono 37.5 4.33 low low Wide Social 3 Mid 
64 Nym Hypolimnas misippus misippus  0 EXT R R 1 mono 40 4.33 high high Wide NA 3 Mid 
65 Nym Hypolimnas bolina bolina  0 NT C C 2 poly 42.5 4.33 med med Wide Solitary 3 Mid 
66 Nym Junonia hedonia ida  0 NT C C 3 oligo 29 4.33 low low Wide Solitary 4 Under 
67 Nym Junonia atlites atlites  0 NT I C 3 poly 31 4.33 low high Mod NA 4 Under 
68 Nym Junonia almana javana  0 NT C C 2 poly 26.5 4.67 low high Mod Solitary 4 Under 
69 Nym Junonia orithya wallacei  0 NT C C 1 mono 22.5 4.67 high high Wide Solitary 4 Under 
70 Nym Chersonesia peraka peraka  1 VU R C 1 mono 15.5 3.5 low high Mod NA 2 Under 
71 Nym Moduza procris milonia  0 NT C C 2 oligo 32.5 5.33 low med Mod Solitary 1 Canopy 
72 Nym Lebadea martha parkeri  0 NT C C 1 mono 29 4.67 low med Mod Solitary 1 Mid 
73 Nym Pandita sinope sinope  1 NT R R 1 mono 27.5 5.33 low med Narrow NA 1 Mid 
74 Nym Neptis hylas papaja  0 NT I C 6 poly 26.5 4.67 low med Wide Solitary 4 Mid 
75 Nym Neptis leucoporos cresina  1 NT C C 1 mono 29 4.67 low med Mod NA 4 Mid 
76 Nym Neptis harita harita  1 VU R R 1 mono 29.5 4.67 low low Mod NA 4 Mid 
77 Nym Phaedyma columella singa  0 NT C C 4 poly 32.5 5 low med Mod Solitary 1 Mid 
78 Nym Tanaecia iapis puseda  1 NT C C 2 poly 33.5 5 low med Narrow NA 3 Mid 
79 Nym Euthalia monina monina  0 NT C C 1 mono 31.5 5 high med Mod Solitary 3 Mid 
80 Nym Euthalia merta merta  1 NT C C 1 mono 31.5 5 high med Mod Solitary 5 Mid 
81 Nym Euthalia aconthea gurda  1 CR R U NA NA 31.5 5 high med Mod NA 5 Mid 
82 Nym Euthalia adonia pinwilli  0 NT I C 1 mono 31 5 low low Mod Solitary 5 Mid 
83 Nym Lexias dirtea merguia  0 NT I C 1 mono 34 5.33 med high Mod Solitary 5 Mid 
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84 Nym Lexias spp 1 NT C C 1 mono 40.33 5 med med Mod Solitary 3 Under 
85 Nym Athyma spp 1 NT R R 4 poly 30 5 low med Mod Solitary 6 Mid 
86 Nym Lascar spp 1 NT C C 6 poly 22.13 4.33 low high Mod Solitary 4 Mid 
87 Nym Eulaceura osteria kumana  1 NT C C 1 mono 30 4 high med Mod Solitary 1 Mid 
88 Nym Euripus nyctelius euploeoides  0 CR R C 1 mono 34 5.33 high med Mod Solitary 1 Mid 
89 Nym Charaxes solon echo  1 CR R U NA NA NA 6 NA NA NA NA NA Canopy 
90 Nym Polyura hebe plautus  0 NT C C 3 oligo 40 6 low high Mod Solitary 3 Canopy 
91 Nym Polyura schreiber tisamenus  0 NT I C 3 poly 45.5 6 low high Mod NA 3 Canopy 
92 Rio Abisara geza niya  0 NT I R 1 mono 20.5 3.33 med low Mod Solitary 3 Under 
93 Rio Abisara savitri savitri  1 NT I R 1 mono 20.5 3.33 low low Narrow NA 3 Under 
94 Rio Abisara saturata kausambioides  0 NT I C 2 oligo 24.5 3.33 low low Mod NA 3 Under 
95 Rio Laxita thuisto thuisto  1 NT R U NA NA 19 3.33 high med Mod NA 1 Under 
96 Lyc Poritia philota philota  1 NT R U NA NA 15 3.33 high med Mod NA 2 Mid 
97 Lyc Poritia sumatrae sumatrae  1 NT I U NA NA 18 3.33 high med Mod NA 2 Mid 
98 Lyc Miletus spp 0 NT I U NA NA 18.5 1.67 low med Mod NA 4 Mid 
99 Lyc Allotinus unicolor unicolor  0 NT R U NA NA 15 1.67 low high Mod NA 6 Mid 
100 Lyc Logania marmorata damis  0 NT I U NA NA 11.5 1.67 low med Mod NA 1 Mid 
101 Lyc Spalgis epius epius  1 NT I U NA NA 15 2.33 low high Mod NA 1 Mid 
102 Lyc Liphyra brassolis abbreviata  1 EXT R U NA NA 23 2.33 med high Wide NA 1 Mid 
103 Lyc Curetis santana malayica  1 NT I C 2 oligo 20.5 3.67 low high Mod NA 5 Mid 
104 Lyc Curetis saronis sumatrana  0 NT I C 1 mono 20 3.67 high high Mod Solitary 5 Mid 
105 Lyc Castalius rosimon rosimon  1 EXT R U NA NA 15 3.33 low high Mod Solitary 1 Mid 
106 Lyc Caleta elna elvira  1 NT C C 1 mono 17 3.33 low high Mod NA 1 Mid 
107 Lyc Everes lacturnus rileyi  0 NT R C 1 mono 11.5 2.67 high high Wide NA 1 Under 
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108 Lyc Neopithecops zalmora zalmora  1 NT I R 2 poly 11.5 2 low high Mod NA 1 Mid 
109 Lyc Megisba malaya sikkima  0 NT I C 1 mono 11.5 2 low low Wide NA 1 Mid 
110 Lyc Acytolepis puspa lambi  0 NT I C 2 poly 16 2.33 high high Mod Solitary 1 Mid 
111 Lyc Zizina otis lampa  0 NT C C 3 poly 12 2.33 low med Wide NA 1 Under 
112 Lyc Zizula hylax pygmaea  0 NT C C 1 mono 9.5 2.33 high high Wide Solitary 1 Under 
113 Lyc Chilades pandava pandava  0 NT C C 1 mono 14 2.67 med high Mod NA 1 Mid 
114 Lyc Euchrysops cnejus cnejus  0 NT I C 3 oligo 15.5 3 high high Wide NA 1 Mid 
115 Lyc Catochrysops panormus exiguus  0 NT I C 1 mono 15.5 3 high high Wide NA 2 Mid 
116 Lyc Lampides boeticus  0 NT I C 1 mono 16.5 3 high high Wide NA 1 Mid 
117 Lyc Ionolyce helicon merguiana  0 NT R U NA NA 13.5 2.67 high high Wide NA 1 Mid 
118 Lyc Prosotas nora superdates   0 NT I C 1 mono 12.5 2.67 high high Wide NA 3 Mid 
119 Lyc Prosotas dubiosa lumpura  0 NT I C 2 poly 11.5 2.67 high high Wide NA 3 Mid 
120 Lyc Prosotas lutea sivoka 0 DD R R 1 mono 12 2.67 low med Mod Solitary 3 Mid 
121 Lyc Catopyrops ancyra aberrans 0 VU I C 2 poly NA 2.67 NA NA NA NA NA Mid 
122 Lyc Anthene emolus goberus  0 NT I C 3 poly 15.5 2.67 high high Wide Solitary 2 Mid 
123 Lyc Anthene lycaenina miya  0 NT I U NA NA 13.5 2.67 high high Wide NA 2 Mid 
124 Lyc Arhopala centaurus nakula  0 NT I C 3 poly 28.5 3 low high Wide Solitary 38 Mid 
125 Lyc Arhopala abseus abseus  1 NT I I 1 mono 17 3 low high Mod Social 38 Mid 
126 Lyc Flos diardi capeta  1 NT I R 1 mono 22.5 2.67 low high Mod NA 4 Mid 
127 Lyc Flos fulgida singhapura  1 NT R U NA NA 18 2.67 low high Mod Solitary 4 Mid 
128 Lyc Flos anniella anniella 1 NT R R 1 mono 21.5 2.67 med high Mod NA 4 Mid 
129 Lyc Flos apidanus saturatus  0 NT R C 2 oligo 20 2.67 med high Mod NA 4 Mid 
130 Lyc Spindasis syama terana  0 NT I U NA NA 15.5 2.67 low med Mod NA 2 Mid 
131 Lyc Spindasis lohita senama  0 NT I C 7 poly 16 2.67 med med Mod Solitary 2 Mid 
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132 Lyc Semanga superba deliciosa  0 NT I C 7 poly 14 2.33 low high Mod NA 1 Mid 
133 Lyc Surendra vivarna amisena  0 NT I C 3 oligo 17 2.67 med high Mod Solitary 1 Mid 
134 Lyc Iraota rochana boswelliana  0 NT I C 1 mono 19.5 2.67 high high Mod NA 3 Mid 
135 Lyc Catapaecilma major emas  1 DD R U 1 mono 18 2.67 med high Mod NA 1 Mid 
136 Lyc Loxura atymnus fuconius  0 NT I C 1 mono 17.5 2.67 low high Mod Solitary 1 Mid 
137 Lyc Eooxylides tharis distanti  1 NT C C 1 mono 17.5 2.67 low high Mod Solitary 1 Mid 
138 Lyc Cheritra freja frigga  0 NT R C 4 poly 18 3.33 high high Mod Solitary 1 Mid 
139 Lyc Drupadia ravindra moorei  1 NT C C 5 poly 16.5 2.67 low high Mod Solitary 3 Mid 
140 Lyc Drupadia rufotaenia rufotaenia  1 CR R U NA NA 9.5 2.67 low high Mod NA 3 Mid 
141 Lyc Drupadia theda thesmia  1 NT I R 1 mono 18.5 2.67 high high Mod Solitary 3 Mid 
142 Lyc Horaga syrinx maenala  0 NT R C 2 poly 14.5 3 low med Wide NA 4 Canopy 
143 Lyc Pratapa deva relata  0 CR R C 2 oligo 18 3.33 low med Mod NA 2 Canopy 
144 Lyc Tajuria cippus maxentius  0 NT I C 2 oligo 22.5 3.33 med high Mod Solitary 4 Canopy 
145 Lyc Tajuria mantra mantra  0 NT I C 1 mono 20 3.33 low high Mod NA 4 Canopy 
146 Lyc Tajuria dominus dominus 0 NT R U NA NA 16.5 3.33 low high Narrow NA 4 Canopy 
147 Lyc Rachana jalindra burbona  1 CR R U NA NA 21 3 high high Mod NA 1 Canopy 
148 Lyc Jacoona anasuja anasuja  1 DD R C 1 mono 23 4 high high Mod NA 1 Canopy 
149 Lyc Neocheritra amrita amrita  1 NT R C 1 mono 23 4 high high Mod NA 1 Canopy 
150 Lyc Manto hypoleuca terana  1 NT R C 1 mono 20.5 4 high med Mod NA 1 Canopy 
151 Lyc Remelana jangala travana  0 NT R C 1 mono 18 3.33 low med Mod Solitary 1 Canopy 
152 Lyc Pseudotajuria donatana donatana  1 CR R U NA NA 15 3.33 low high Mod NA 1 Canopy 
153 Lyc Ancema blanka blanka  0 CR R U NA NA 17.5 3.33 low high Mod NA 1 Canopy 
154 Lyc Hypolycaena thecloides thecloides  1 NT I C 2 oligo 16 3 low high Mod Solitary 2 Canopy 
155 Lyc Hypolycaena erylus teatus  0 NT I C 6 poly 17.5 3 high high Wide NA 2 Canopy 
200$
$
























156 Lyc Zeltus amasa maximinianus  0 NT I C 2 oligo 15 3 high high Mod NA 1 Canopy 
157 Lyc Deudorix epijarbas cinnabarus  0 NT I U NA NA 19.5 3.33 high med Wide Solitary 3 Canopy 
158 Lyc Deudorix elioti 1 EN R U NA NA 18.5 3.33 med med Narrow NA 3 Canopy 
159 Lyc Virachola kessuma deliochus  0 VU R I 1 mono 16 2.33 med high Mod NA 2 Canopy 
160 Lyc Sinthusa nasaka amba  1 NT I C 1 mono 13.5 2.67 high high Mod NA 1 Canopy 
161 Lyc Bindahara phocides phocides  0 NT R U NA NA 18.5 3.33 low low Wide Solitary 1 Canopy 
162 Lyc Jamides spp 0 NT I C 10 poly 17.4 2.67 low high Mod Solitary 8 Mid 
163 Lyc Nacaduba spp 1 NT I C 4 poly 15.43 2.67 med high Mod NA 12 Mid 
164 Lyc Arhopala spp 1 NT R I 5 poly 21.31 3 low high Mod Social 38 Mid 
165 Lyc Rapala spp 0 NT I C 11 poly 17.5 3.67 med high Mod Solitary 10 Canopy 
166 Hes Burara etelka  1 NT R R 1 mono 32 3.67 high high Mod NA 2 Canopy 
167 Hes Burara harisa consobrina  0 NT I C 2 poly 25 3.67 high high Mod Solitary 2 Canopy 
168 Hes Hasora chromus chromus  0 NT I R 1 mono 25 3.67 low low Wide Solitary 6 Canopy 
169 Hes Hasora taminatus malayana  1 NT R U NA NA 22.5 3.67 low low Wide Social 6 Canopy 
170 Hes Hasora schoenherr chuza  1 NT R R 2 oligo 25 3.67 low med Mod Solitary 6 Canopy 
171 Hes Hasora badra badra  0 NT I C 1 mono 23 3.67 low low Mod Solitary 6 Canopy 
172 Hes Hasora vitta vitta  0 NT I C 1 mono 23 3.67 low low Wide NA 6 Canopy 
173 Hes Badamia exclamationis  0 NT I C 2 poly 29 3.33 low low Wide Solitary 1 Canopy 
174 Hes Tapena thwaitesi bornea  0 EN R R 1 mono 20 3.33 low low Mod NA 1 Canopy 
175 Hes Odina hieroglyphica ortina  0 NT I C 1 mono 17 3.67 low high Mod NA 1 Canopy 
176 Hes Pseudocoladenia dan dhyana  1 NT I C 1 mono NA 3.67 NA NA NA NA NA Mid 
177 Hes Gerosis limax dirae 1 NT R U NA NA 18 3.67 low med Mod Solitary 3 Canopy 
178 Hes Odontoptilum angulatum angulatum  0 NT R C 1 mono 20 3.33 low low Mod Solitary 1 Canopy 
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179 Hes Tagiades spp 1 NT I C 1 mono 18.4 3 low low Mod Solitary 2 Mid 
180 Hes Ampittia dioscorides camertes  0 NT I U NA NA 10.5 2.67 med med Mod NA 1 Under 
181 Hes Halpe ormenes vilasina 1 NT R R 1 mono 16 2.67 low low Narrow Solitary 1 Mid 
182 Hes Iambrix salsala salsala  0 NT C C 2 oligo 13 2.33 low low Mod Solitary 2 Under 
183 Hes Iambrix stellifer  1 NT I C 1 poly 13 2.33 low low Mod NA 2 Under 
184 Hes Astictopterus jama jama  1 NT R U NA NA 22.5 2.33 low low Mod Solitary 1 Under 
185 Hes Ancistroides nigrita maura  0 NT I C 2 oligo 15 3 low low Mod NA 1 Mid 
186 Hes Notocrypta paralysos varians  1 NT I C 1 mono 18.5 3 low low Mod NA 2 Mid 
187 Hes Udaspes folus  0 NT I C 2 poly 23 3 low med Mod NA 1 Mid 
188 Hes Suastus gremius gremius  0 NT I C 3 oligo 17 3 low low Mod Solitary 2 Under 
189 Hes Suastus everyx everyx 1 EN R R 1 mono 13 2.67 low med Mod NA 2 Under 
190 Hes Zographetus doxus 0 NT R U NA NA 15 2.67 low low Mod Solitary 3 Mid 
191 Hes Hyarotis adrastus praba  1 NT R R 1 mono 17 2.67 low low Mod NA 1 Mid 
192 Hes Quedara monteithi monteithi 1 NT R R 1 mono 18 2.67 low low Mod NA 1 Mid 
193 Hes Plastingia naga  1 NT I C 1 mono 18 2.67 low med Mod Solitary 2 Mid 
194 Hes Plastingia pellonia  1 NT R U NA NA 18 2.67 low med Mod NA 2 Mid 
195 Hes Pemara pugnans  1 NT R U NA NA 19.5 2.67 low low Mod NA 1 Mid 
196 Hes Pyroneura latoia latoia  1 NT I I 1 mono 18 3 low med Mod NA 1 Mid 
197 Hes Zela storeyi  1 CR R R 1 mono NA 2.67 NA NA NA NA NA Mid 
198 Hes Gangara thyrsis thyrsis  1 NT R U NA NA 36 3.33 low low Mod Solitary 2 Mid 
199 Hes Matapa aria  0 NT I I 1 mono 18 2.67 low low Mod NA 1 Mid 
200 Hes Erionota thrax thrax  0 NT I C 1 mono 34 3 low low Wide Solitary 3 Mid 
201 Hes Erionota hiraca apicalis 0 NT R U NA NA 30 3 low low Mod NA 3 Mid 
202 Hes Unkana ambasa batara  0 NT I C 1 mono 28 3.33 med med Mod Solitary 1 Mid 
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203 Hes Hidari irava  0 NT I C 1 mono 28 3.33 low low Mod Social 1 Mid 
204 Hes Eetion elia  1 NT I R 1 mono 25 3 low low Mod Solitary 1 Mid 
205 Hes Potanthus spp 0 NT I C 2 poly 14 2.67 low med Mod NA 5 Under 
206 Hes Telicota spp 0 NT I C 4 oligo 16.5 3 low med Wide NA 3 Under 
207 Hes Pelopidas spp 0 NT I C 3 oligo 15.5 2.89 low low Wide NA 2 Under 
208 Hes Baoris spp 0 NT I I 1 mono 20 2.67 low low Mod NA 2 Under 





Table 2.S2: Months during which butterfly sampling was conducted across 22 sites and 4 habitat types. Number of sampling months 
per site in a year were 7.3 ± 3.4. Number of sites sampled across months were 13.6 ± 2.1. 
Sitecode Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
M1 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
M2 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
M3 
 
✔ ✔ ✔ ✔ ✔ ✔ 
    
✔ 
Mature forest ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
D1 ✔ ✔ ✔ ✔ ✔ ✔ 
 
✔ ✔ ✔ 
 
✔ 








       
✔ ✔ ✔ 
  D4 
 
✔ ✔ ✔ 
  
✔ ✔ ✔ 
   D5 
      
✔ ✔ ✔ ✔ ✔ 
 D6 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
 Degraded forest ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
F1 ✔ ✔ ✔ ✔ ✔ ✔ 
 












✔ ✔ ✔ ✔ ✔ 






✔ ✔ ✔ 












   
✔ ✔ 
F7 ✔ ✔ ✔ 
 
✔ ✔ 
     
✔ 
F8 ✔ 






Forest fragment ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
U1 
     
✔ ✔ ✔ 
    U2 




   U3 




   U4 ✔ ✔ ✔ 
 
✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
U5 ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
Urban park ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ ✔ 
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Table 2.S3 Additional description and references for correlates of butterfly abundance analysis used in Table 2.2 of main text 
 
Variables Additional description  References 
Habitat type - Yee et al. (2011) 
Site area - NParks (2014), Google Earth (2013) 
Distance from forest - Google Earth (2013) 
Larval host plant abundance class - Chong et al. (2009) 
Number of larval host plant genera  - 
Khew (2010), Butterfly Circle (2015), NSS (2015), A.J. rearing 
records 
Wingspan - Fleming (1991), Khew (2010) 
Mobility  Averaged across 3 expert respondents with >50 years of combined field experience in Singapore.   Expert classification 
Sexual dichromatism  
 
Low < 30%, moderate: 30-70%, high:  >70%. Where a species is 
polymorphic, the most common form is scored 
Corbet & Pendlebury (1992), Fleming (1991), D’Arbera 
(1982,1985,1986) 
Adult conspicuousness  
 
Visually estimated (by L. P. Koh) proportion of black, brown or grey on the 
upper side of both pairs of wings, where low: >70%; moderate: 30-70%, 
high: <30%. The most common form is scored where a species is 
polymorphic. The more visible sex is scored 
Corbet & Pendlebury (1992), Fleming (1991), D’Arbera 
(1982,1985,1986) 
Global geographic range  - 
Corbet & Pendlebury (1992), Fleming (1991), D’Arbera 
(1982,1985,1986) 
Larval gregariousness - Butterfly Circle (2015); Igarashi & Fukuda (1997, 2000) 
Congener density  - Khew (2010), Corbet & Pendlebury (1992) 







Table 2.S4 List of multiple ordinal regressions models with interaction terms attempted between abundance class (common, 
intermediate and rare) and ecological correlates of butterfly species. None of the interaction terms turned out to be significant.   
(Abbreviations used: HabSpec = Habitat specialization, LHPA = Larval host plant abundance class, nLHPgen = No. of larval host plant genera, 
LHPspec = Larval host plant specificity, WS = Wingspan (log scale), SexDi = Sexual Dichromatism, Consp = Conspicuousness, GeogDist = 
Geographical Distribution, LG = Larval Gregariousness, Cong = Congener density (log scale), Height = Flight height).    
 
clmm(abundance class ~ HabSpec*LHPA*nLHPgen+LHPspec+WS+SexDi+Consp+GeogDist+LG+Cong+Height) 
 
clmm(abundance class ~ HabSpec+LHPA*nLHPgen+LHPspec+WS+SexDi+Consp+GeogDist+LG+Cong+Height) 
 
clmm(abundnace class ~ HabSpec*GeogDist+LHPA+nLHPgen+LHPspec+WS+SexDi+Consp+LG+Cong+Height) 
 
clmm(abundance class ~ HabSpec+LHPA+nLHPgen*LHPspec+WS+SexDi+Consp+GeogDist+LG+Cong+Height) 
 
clmm(abundance class ~ HabSpec+LHPA+nLHPgen+LHPspec+WS+SexDi+Consp*GeogDist+LG+Cong+Height) 
 





Table 3.S1 Flower visits at 62 sites across habitat types in Singapore.  
For the purposes of nectar analysis, mature forest, degraded forest and forest fragments 
were grouped as ‘forest habitats’ and urban parks adjoining forests and isolated urban 
parks were grouped as ‘urban parks’.   






Sime Forest F1 Mature forest 218 11 
Bukit Timah nature reserve F2 Mature forest 146 9 
Lornie Forest F3 Mature forest 81 6 
Upper Seletar Reservoir Forest F4 Mature forest 67 11 
Mac Ritchie Forest F5 Mature forest 51 11 
Upper Pierce Reservoir Forest F6 Mature forest 29 5 
Nee Soon mature forest F7 Mature forest 11 7 
Mandai and Ulu Sembawang 
connector F8 Degraded forest 148 9 
Rifle Range link forest F9 Degraded forest 72 7 
Dairy Farm forest F19 Degraded forest 48 9 
Chestnut forest F11 Degraded forest 19 6 
Mandai Track 15 forest F12 Degraded forest 14 3 
Nee Soon degraded plot F13 Degraded forest 8 5 
Pierce degraded plot F14 Degraded forest 7 3 
Old Jurong Road forest F15 Forest fragment 54 4 
Lim Chu Kang farmway forest F16 Forest fragment 34 9 
Changi Cove and Changi coastal 
forest F17 Forest fragment 34 4 
Southern Ridges forest F18 Forest fragment 30 2 
Clementi forest F19 Forest fragment 30 10 
Yio Chu Kang & Lentor Ave 
woodland F20 Forest fragment 29 3 
Ubin forest F21 Forest fragment 25 16 
NTU wasteland F22 Forest fragment 22 1 
Punggol grassland F23 Forest fragment 21 7 
Lorong Halus grassland F24 Forest fragment 18 6 
Sungei Buloh Wetland Reserve F25 Forest fragment 17 4 
Bukit Brown Cemetery F26 Forest fragment 7 3 
Kranji Neo Tiew area and Turut 
track F27 Forest fragment 5 4 
Semakau Landfill grassland F28 Forest fragment 5 3 
Pasir Ris Park U1 Urban park adj. forest  426 32 
Dairy Farm Nature park  U2 Urban park adj. forest  202 16 
Ubin Butterfly Hill park U3 Urban park adj. forest  189 27 
Upper Seletar Reservoir Park U4 Urban park adj. forest  137 10 
Hort park U5 Urban park adj. forest  119 20 
Singapore Botanic gardens U6 Urban park adj. forest  52 21 
Bedok Park connector U7 Urban park adj. forest  30 1 
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Mount Faber park U8 Urban park adj. forest  22 6 
Mac Ritchie park U9 Urban park adj. forest  19 6 
Alexandra Hospital garden U10 Urban park adj. forest  18 9 
Zhenghua park U11 Urban park adj. forest  11 2 
Mandai Zoo U12 Urban park adj. forest  9 3 
Bukit Batok nature park U13 Urban park adj. forest  9 5 
Dairy Farm Adventure Centre U14 Urban park adj. forest  8 3 
Mandai Bumbong fringe park U15 Urban park adj. forest  6 5 
Mandai Orchid garden U16 Urban park adj. forest  5 3 
Lower Seletar reservoir park U17 Urban park adj. forest  5 2 
Dhoby Ghaut Green, Istana park 
and Penang Rd open space U18 Urban isolated park 133 21 
Fort Canning park and Stamford 
Green U19 Urban isolated park 83 12 
Home garden near Bedok 
reservoir U20 Urban isolated park 66 20 
Tampines Eco Green U21 Urban isolated park 50 5 
Pavilion Circle Bukit Batok and 
Gombak U22 Urban isolated park 49 20 
Home garden near West coast 
park U23 Urban isolated park 35 12 
Home garden near Aljunied Park  U24 Urban isolated park 29 6 
Aljunied park U25 Urban isolated park 25 6 
Yishun Ave 1 connector U26 Urban isolated park 22 2 
Bukit Panjang housing estate U27 Urban isolated park 17 2 
Punggol park U28 Urban isolated park 15 2 
Toa Payoh Town garden U29 Urban isolated park 13 5 
Bah Soon Pah garden U30 Urban isolated park 10 5 
Temasek Junior College garden U31 Urban isolated park 9 1 
MacRitchie urban plot U32 Urban isolated park 7 2 
Seletar Country Club garden U33 Urban isolated park 7 4 
Nee Soon urban plot U34 Urban isolated park 5 3 




Table 3.S2 Number of nectaring observations and percentage of total observed time on top three nectar plants by typical 
nectar generalist and nectar specialist butterflies in Singapore. Abbreviations: Gen=Generalist, Spec=Specialist butterflies; 
Plant form: TR=Tree, SH=Shrub, CL=Climber, HR=Herb. Residuals represent degree of nectar specialization 
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demoleus Urban parks 23.30 43 22 34.9% $ $ $ $ $ $ $ $ $
    6  
 (14%) 
    5 
(11.6%) 





All habitats 16.75 100 31 37.0% 
$ $
   14  
(14%) $ $ $ $
  16  
 (16%) $ $






forest gaps 13.34 102 30 32.3% 
    19  
 (18.6%) $ $ $ $
   8 
(7.8%) $
    6  





forest gaps 12.16 111 31 38.7% 
    10  
  (9%) $ $ $ $ $ $
   22  







forests &  
urban parks 
6.60 95 26 45.2%           16  (16.8%)         
   14  
(14.7%) 





degraded forest -5.50 38 9 57.9% 
    12  
(31.6%) $
     4  
(10.5%) $ $
    6  




degraded forest -6.80 66 14 74.3% 
    10  
(15.2%) $
    20  
(30.3%) $ $ $
   19  
(28.8%) $ $ $
Eurema 
 sari  
Mature & 
degraded forest -7.45 58 12 65.5% $ $
    16  
(27.6%) $
  14  
(24.1%) $ $ $ $ $
    8  
(13.8%) 
Pyroneura 
latoia  Mature forest -8.57 57 11 84.3% $
    3 
(5.3%) 
    42  
(73.7%) $ $ $
    3 




Mature forest -12.1 46 5 91.3% 
$
    4 
(8.7%) 
    33  
(71.7%) $ $ $
    5  
(10.9%) $ $ $ $ $
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Table 4.S1 Recaptured individuals in the forest sites - BTF1 (area covered = 32 ha), 
BTF2 (area covered = 12 ha) and BTF3 (area covered = 30 ha). Area covered = 32 ha. 
For individuals with more than 1 recaptures, the longest dispersal/recapture distance is 
shown. Days = Days since first capture , Distance = Distance from first capture.  
Location  Species Code Days Recapture count  
Distance 
(m) 
Bukit Timah Forest 1 Athyma kanwa Ak389 2 1 40 
Bukit Timah Forest 1 Eooxylides tharis Et397 4 1 5 
Bukit Timah Forest 1 Eooxylides tharis Et311 6 1 5 
Bukit Timah Forest 1 Eurema sari Es305 6 1 66 
Bukit Timah Forest 1 Iambrix salsala Is301 7 1 29 
Bukit Timah Forest 1 Jamides celeno Jc303 1 1 34 
Bukit Timah Forest 1 Mycalesis orseis Mo301 10 4 38 
Bukit Timah Forest 1 Mycalesis orseis Mo302 6 3 69 
Bukit Timah Forest 1 Mycalesis orseis Mo398 10 1 33 
Bukit Timah Forest 1 Mycalesis orseis Mo397 10 5 55 
Bukit Timah Forest 1 Tanaecia pelea Tp389 1 1 47 
Bukit Timah Forest 1 Zeuxidia amethystus  Za302 15 1 5 
Bukit Timah Forest 2 Eurema sari Es2083 2 1 200 
Bukit Timah Forest 2 Eurema sari Es2096 4 1 161 
Bukit Timah Forest 2 Eurema sari Es2003 12 1 132 
Bukit Timah Forest 2 Eurema sari Es2079 2 1 112 
Bukit Timah Forest 2 Eurema hecabe Eh2123 1 1 66 
Bukit Timah Forest 2 Eurema sari Es2109 4 1 65 
Bukit Timah Forest 2 Eurema sari Es2101 10 1 43 
Bukit Timah Forest 2 Eurema sari Es2030 13 1 40 
Bukit Timah Forest 2  Eurema sari Es2087 1 1 37 
Bukit Timah Forest 2 Eurema sari Es2146 5 1 31 
Bukit Timah Forest 2 Eurema sari Es2064 13 1 30 
Bukit Timah Forest 2 Eurema sari Es2121 1 1 28 
Bukit Timah Forest 2 Eurema sari Es2116 1 1 25 
Bukit Timah Forest 2 Eurema sari Es2132 1 1 25 
Bukit Timah Forest 2 Eurema sari Es2011 1 1 22 
Bukit Timah Forest 2 Eurema sari Es2078 1 1 14 
Bukit Timah Forest 2 Eurema sari Es2017 1 1 12 
Bukit Timah Forest 2 Eurema sari Es2074 2 1 11 
Bukit Timah Forest 2 Eurema sari Es2019 1 1 10 
Bukit Timah Forest 2 Eurema sari Es2037 4 1 23 
Bukit Timah Forest 3 Eurema sari Es107 1 1 40 
Bukit Timah Forest 3 Eurema sari Es156 4 1 137 
Bukit Timah Forest 3 Eurema sari Es159 4 1 69 
Bukit Timah Forest 3 Eurema sari Es173 1 1 52 
Bukit Timah Forest 3 Eurema sari Es1113 7 1 7 
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Bukit Timah Forest 3 Eurema sari Es1120 1 1 42 
Bukit Timah Forest 3 Eurema sari Es1197 1 1 374 
Bukit Timah Forest 3 Eurema sari Es1198 3 1 270 
Bukit Timah Forest 3 Eurema hecabe Eh198 1 1 66 
Bukit Timah Forest 3   Eooxylides tharis Et101 10 1 14 
Bukit Timah Forest 3 Eooxylides tharis Et196 10 1 21 
Bukit Timah Forest 3 Papilio polytes Pp195 8 1 118 
Bukit Timah Forest 3 Papilio polytes Pp104 8 1 398 ! ! ! ! Average 69 ! ! ! ! SD 88 
211$
$
Table 4.S2 Recaptured individuals in three urban sites. BTU, MCU and NSU 
covered an area of 32 ha, 38 ha and 34 ha respectively. For individuals with more than 1 
recaptures, the longest dispersal/recapture distance is shown. Distance = Distance from 
first capture. 
 
Location Species Code Days Recapture count  Distance (m) 
Bukit Timah Urban Eurema hecabe Eh205 13 1 81 
Bukit Timah Urban Eurema hecabe Eh274 3 1 33 
Bukit Timah Urban Acraea violae  Av201 1 2 46 
Bukit Timah Urban Acraea violae  Av276 4 2 31 
Bukit Timah Urban Acraea violae  Av277 1 1 37 
Bukit Timah Urban Acraea violae  Av278 1 1 9 
Bukit Timah Urban Acraea violae  Av279 4 3 59 
Bukit Timah Urban Acraea violae  Av280 4 2 44 
Bukit Timah Urban Acraea violae  Av296 1 1 61 
Bukit Timah Urban Acraea violae  Av299 1 1 16 
Bukit Timah Urban Junonia almana Ja201 1 1 48 
Bukit Timah Urban Junonia almana Ja202 14 2 84 
Bukit Timah Urban Junonia almana Ja204 1 1 131 
Bukit Timah Urban Junonia almana Ja206 1 1 33 
Bukit Timah Urban Junonia hedonia Jh296 1 1 55 
MacRitchie Urban Appias libythea Ali450  1 1 25 
MacRitchie Urban Eurema hecabe Eh404 18 2 145 
MacRitchie Urban Eurema hecabe Eh498 1 1 13 
MacRitchie Urban Elymnias hypermnestra  Ehy401 1 1 11 
MacRitchie Urban Elymnias hypermnestra  Ehy402 4 1 28 
MacRitchie Urban Elymnias hypermnestra  Ehy403 1 1 33 
MacRitchie Urban Elymnias hypermnestra  Ehy411 3 1 18 
MacRitchie Urban Elymnias hypermnestra  Ehy413 2 1 2 
MacRitchie Urban Elymnias hypermnestra  Ehy416 2 1 12 
MacRitchie Urban Elymnias hypermnestra  Ehy417 2 1 5 
MacRitchie Urban Elymnias hypermnestra  Ehy496 3 3 13 
MacRitchie Urban Elymnias hypermnestra  Ehy497 1 1 5 
MacRitchie Urban Elymnias hypermnestra  Ehy498 8 2 6 
MacRitchie Urban Hypolimnas anomala Ha401 2 1 9 
MacRitchie Urban Junonia almana Ja402 14 1 23 
MacRitchie Urban Junonia almana Ja403 14 2 16 
MacRitchie Urban Junonia almana Ja404 5 2 28 
MacRitchie Urban Junonia almana Ja497 2 1 25 
MacRitchie Urban Junonia hedonia Jh403 2 1 6 
MacRitchie Urban Junonia hedonia Jh423 20 1 39 
MacRitchie Urban Junonia hedonia Jh499 28 1 52 
MacRitchie Urban Junonia orithya Jo497 1 2 97 
MacRitchie Urban Junonia orithya Jo499 6 1 21 
Nee Soon Urban Appias libythea Ali511 5 2 6 
Nee Soon Urban Appias libythea Ali513 1 1 11 
Nee Soon Urban Appias libythea Ali516 4 1 9 
Nee Soon Urban Appias libythea Ali523 14 1 30 
Nee Soon Urban Acraea violae  Av501 21 2 43 
Nee Soon Urban Acraea violae  Av505 5 2 75 
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Location Species Code Days Recapture count  Distance (m) 
Nee Soon Urban Acraea violae  Av506 5 4 31 
Nee Soon Urban Acraea violae  Av508 1 1 2 
Nee Soon Urban Elymnias hypermnestra  Ehy501 23 4 20 
Nee Soon Urban Junonia hedonia Jh503 19 2 22 
Nee Soon Urban Junonia hedonia Jh504 14 1 307 
Nee Soon Urban Junonia hedonia Jh519 3 1 9 
Nee Soon Urban Junonia hedonia Jh523 1 2 34 
Nee Soon Urban Junonia hedonia Jh599 9 1 24 
$ $ $ $
Average distance 39 
$ $ $ $





Table 5.S1 Survey locations with habitat characteristics, survey effort and Common Birdwing (BW) and Common Rose (CR) 
abundance. Abbreviations: abun = abundance; Nectar abundance and host plant presence were calculated within 250m from the 
survey location    
Site 

















BVC BTNR visitor center 1.348222764 103.7768451 Forest 73 8 0 High No 1.43 
BD1 BTNR Senapang tx1 1.347548716 103.7830168 Forest 70 3 0 Medium No 1.75 
BD2 BTNR Senapang tx2 1.345787 103.786423 Forest 64 0 1 Medium No 2 
BD3 BTNR Senapang tx3 1.350685803 103.7838997 Forest 63.5 1 0 Low No 1.45 
BD4 BTNR Senapang tx4 1.349440274 103.7807698 Forest 63 0 1 Medium No 2 
BM1 BTNR hill tx1 1.355456961 103.7758895 Forest 62 1 0 Medium No 0.62 
BM2 BTNR hill tx2 1.353123271 103.777974 Forest 62 0 0 Low No 0.95 
BD5 BTNR Senapang tx5 1.344748957 103.7836979 Forest 60 0 0 Low No 2 
BM3 BTNR hill tx3 1.356037221 103.7786266 Forest 60 0 0 Low No 0.66 
BM4 BTNR hill tx4 1.353319551 103.7742398 Forest 60 0 0 Low No 0.94 
MM1 MacRitchie forest tx1 1.351717196 103.8288164 Forest 56 1 0 Medium No 0.65 
DFN Dairy Farm Nature Forest & Park 1.362126526 103.7765742 Forest 55.5 26 0 High Yes 0 
BJH Binjai Hill 1.339318455 103.7858472 Forest 52 0 1 Medium No 1.45 
NM1 Nee Soon mature tx1 1.389804215 103.8101474 Forest 52 0 0 Medium No 2.63 
NM2 Nee Soon mature tx2 1.385405353 103.8148138 Forest 52 1 0 Medium No 3.39 
WNF Windsor forest tx1 1.360031 103.826553 Forest 50.5 1 2 Medium No 0.4 
BDC Bidadari cemetery 1.341426749 103.8735977 Forest 50 0 0 Low No 5.6 
BOV Boulevard Green  1.301441413 103.8347541 Forest 50 0 0 Low No 0.7 
LNF Lornie forest 1.343342 103.825607 Forest 48.5 3 0 Low No 1.5 
RRF Rifle range forest  1.354395996 103.7948801 Forest 47.5 4 0 Medium No 2.25 
MD1 Windsor forest tx2 1.358996885 103.8213177 Forest 44 2 0 Medium No 0.56 





















US2 Upper Seletar forest tx2 1.394062343 103.8024384 Forest 44 0 0 Low No 1.67 
SM1 Sime forest tx1 1.354365267 103.8184918 Forest 36.5 0 0 Low No 0.86 
MD2 Windsor forest tx3 1.355252363 103.8207617 Forest 33 0 0 Medium No 0.55 
BD6 BTNR Senapang tx6 1.346645 103.779388 Forest 30 0 0 Medium No 1.65 
RRE Rifle range entrance 1.343321146 103.7798088 Forest 30 0 0 Low No 1.85 
SM2 Sime forest tx2 1.356176487 103.8148003 Forest 30 1 1 Medium No 1.21 
ND2 Nee Soon degraded tx2 1.380024 103.816811 Forest 27 0 0 Low No 2.8 
ND4 Nee Soon degraded tx4 1.377954134 103.8233308 Forest 27 1 0 Low No 2.4 
CLW Clementi forest 1.327743125 103.7815685 Forest 24.5 12 5 Low Yes 0 
BBC Bukit Brown Cemetery 1.335169 103.824944 Forest 23.5 3 2 Medium No 1.8 
SEN Sentosa forest 1.249432446 103.8335618 Forest 23.5 3 0 Low No 2.2 
MM2 MacRitchie forest tx2 1.34772078 103.8200969 Forest 22 0 0 Low No 1.15 
MM3 MacRitchie forest tx3 1.351715047 103.8186344 Forest 22 0 0 Low No 0.93 
MM4 MacRitchie forest tx4 1.349842414 103.8172218 Forest 22 0 0 Low No 1.2 
ND1 Nee Soon degraded tx1 1.3841 103.821167 Forest 22 2 1 Low No 3 
KRF Kent Ridge forest & park 1.306936782 103.7891335 Forest 21.5 2 0 Medium No 0.7 
ND3 Nee Soon degraded tx3 1.38150302 103.825372 Forest 21 0 0 Low No 2.8 
LRH Lorong Halus 1.389070582 103.924062 Forest 16 0 0 Medium No 5 
CT1 Chestnut forest tx1 1.375671353 103.7807446 Forest 15.5 0 0 Medium No 1.76 
CT2 Chestnut forest tx2 1.371028396 103.7802079 Forest 12.5 0 0 Medium No 1.3 
M15 Mandai track 15 forest  1.406194583 103.7784506 Forest 10 0 0 Medium No 1.38 
USF Ubin secondary forest 1.407359305 103.9671348 Forest 10 0 0 Low No 0.7 
BGF Botanic gardens rainforest 1.312576185 103.8165202 Forest 8.5 0 0 Low No 0.5 





















KRM Kranji marshes  1.285772 103.7247893 Forest 7.5 0 0 Medium No 4.15 
BLM Bulim forest 1.358566422 103.7279633 Forest 5 2 0 Medium No 2.6 
GRF Greenleaf forest 1.32414984 103.7893115 Forest 5 3 0 Medium No 0.98 
KHB Khatib Bongsu 1.429255 103.851982 Forest 3 1 0 Medium No 1.6 
JRH Jurong Hill 1.318740325 103.7068551 Forest 2.5 1 0 Medium No 4.15 
LSW Lower Seletar Woodland 1.40006 103.83007 Forest 2.5 1 0 Medium No 2.85 
TYF Tyersall forest  1.312365 103.809731 Forest 2.5 0 1 Medium No 0.84 
YCK Yio Chu Kang Scrubland 1.392778932 103.8403176 Forest 2.5 1 0 Medium No 2.94 
GMC Ghim Moh Rail Corridor 1.312443641 103.7903071 Forest 2 0 1 Low No 1.92 
UCJ Ubin Chek Jawa 1.40971789 103.9886891 Forest 2 0 0 Medium No 2.61 
CT3 Chestnut forest tx3 1.381122583 103.7797291 Forest 1 0 0 Low No 2.34 
KSC Kopi Sua Cemetery 1.41719675 103.829903 Forest 1 1 0 High No 1.89 
BBP Bukit Batok Nature Park 1.350634559 103.765384 Forest 1 0 0 Medium No 1.62 
KTP Khoo Teck Puat Hospital Garden 1.329913 103.8386675 Private 130 2 15 High Yes 0 
SCC Seletar Country Club 1.410832507 103.8589818 Private 100.5 3 6 High Yes 0 
BPS Beacon Primary School 1.384044197 103.7738541 Private 100 0 2 Medium Yes 2.6 
NU1 Nee Soon urban estate tx1 1.376782112 103.8309248 Private 100 0 0 Medium No 2.36 
NU2 Nee Soon urban estate tx2 1.372045416 103.830743 Private 100 0 0 Medium No 1.85 
SGG Serangoon Gardens 1.364128 103.865776 Private 100 0 0 High Yes 4.5 
SLE Spring leaf Estate 1.398687 103.821487 Private 100 3 0 High No 3.4 
TYR Toh Yi Rd Estate  1.336911049 103.7718423 Private 100 0 0 Low No 1.5 





















BSP Bah Soon Pah Oh farm 1.41957966 103.82688 Private 54 0 4 High Yes 1.38 
DRE Dalvey Rd Estate 1.317175068 103.8215783 Private 54 1 1 Medium Yes 0.75 
ALG Anchorvale Link Garden 1.389806 103.889595 Private 50 0 0 Medium Yes 4.1 
BPG Bishan Park Community Garden 1.364423081 103.8393165 Private 50 0 0 High Yes 1.7 
CPS Cedar Primary School  1.335877 103.876762 Private 50 0 0 High Yes 5.1 
GPS Greendale Primary School 1.396456 103.912643 Private 50 0 0 High Yes 6.02 
HPS Hougang Primary School 1.377943 103.883781 Private 50 0 0 High Yes 4.5 
LCE Lorong Chuan Estate 1.424569218 103.865799 Private 50 0 0 Medium Yes 4.5 
NSS NSS Aljinued 1.313646445 103.8855228 Private 50 0 0 Low No 5 
PCG Pavilion Circle Estate 1.370285 103.752563 Private 50 0 0 High Yes 2.78 
ZPS Zhonghua Primary School 1.35913 103.870033 Private 50 0 0 Medium Yes 4.9 
TNA Tengah airbase 1.380367 103.715744 Private 44 0 1 Low No 1.41 
CRE Coronation Rd Estate 1.322062 103.804779 Private 32 1 0 Medium No 1.26 
IMB Imbiah Garden 1.255621408 103.8154944 Private 30.5 11 1 High Yes 0 
SUN Sunset Way Clementi 1.323874994 103.7710518 Private 30 0 0 Low No 1.14 
WNU Windsor Estate 1.356899 103.825783 Private 29 2 0 Medium Yes 0 
LOE Loewen Rd Dempsey Estate 1.302489557 103.8121611 Private 22 2 1 Medium No 1.6 
TFM Tengah Farm 1.382831678 103.7285905 Private 17.5 4 0 High Yes 0 
ZOO Mandai zoo 1.404276132 103.7911565 Private 15 8 4 High Yes 0 
CWC Clementi Woods Community Center 1.302669 103.764282 Private 12 1 0 Medium No 0.82 
AHG Alexandra Hospital 1.286371802 103.8021802 Private 10.5 2 4 High Yes 0 





















CON Corona Nursery 1.324500802 103.7750615 Private 3 0 0 High No 0.73 
HCJ Hwa Chong JC 1.326995 103.804367 Private 2.5 1 0 High No 1.5 
JBG Jacob Ballas Children's Garden 1.32086 103.816338 Urban park 106.5 22 53 High Yes 0 
PRO Penang Road Open Space 1.300288 103.84108 Urban park 86.5 3 9 High Yes 0 
USM Ulu Sembawang Mandai park connector 1.41193369 103.7883456 Urban park 70 2 0 Medium No 0.97 
UBH Ubin butterfly hill 1.402211081 103.9676197 Urban park 58 79 22 High Yes 0 
FC1 Fort Canning Park tx1 1.296636352 103.8455261 Urban park 51.5 1 0 High Yes 0.64 
ADM Adam Drive 1.335223188 103.8166992 Urban park 50 4 4 Low No 1.3 
AJP Aljunied Park 1.329741785 103.8799027 Urban park 50 0 0 High Yes 5.16 
DGG Dhoby Ghaut Garden 1.298490737 103.8472295 Urban park 50 0 0 High No 0.75 
ECP East Coast Park 1.303207894 103.9210823 Urban park 50 0 0 Medium No 8.8 
WC1 West Coast Park tx 1 1.291602 103.766495 Urban park 50 0 0 Low Yes 0.63 
WC2 West Coast Park tx 2 1.289400728 103.7714233 Urban park 50 0 0 Low Yes 0.84 
BGE SBG Botany Center Entrance 1.308375 103.8172 Urban park 47 3 4 Medium No 0.99 
NTU NTU & Jurong Eco Garden 1.355187734 103.6927673 Urban park 42 14 3 High Yes 0 
TEG Tampines Eco Green 1.364271003 103.9481697 Urban park 31 0 0 High Yes 4.65 
PRP Pasir Ris Park 1.378324249 103.9496825 Urban park 27.5 3 0 High Yes 3.2 
HOR Hort Park 1.279404474 103.7989893 Urban park 26 8 5 High Yes 0 
MF1 Mt. Faber Park tx 1  1.267121153 103.8240349 Urban park 26 0 0 Medium No 2.4 
MF2 Mt. Faber Park tx 2 1.272209689 103.8188811 Urban park 22 2 0 High No 1.8 
EVO SBG Evolution Garden  1.317095 103.815697 Urban park 19 5 8 Medium Yes 0 
NSM Nassim Green 1.30889 103.82415 Urban park 19 0 3 High Yes 1.3 





















KL2 Kallang Riverside Park2 1.308177374 103.8676968 Urban park 17 0 0 Medium No 2.8 
TBH Telok Blangah Hill Park 1.27821005 103.8133981 Urban park 16 2 0 High No 1.56 
GBB Gardens by the bay 1.282559342 103.8652963 Urban park 15 0 0 High No 3.47 
PUN Punggol Park 1.377125266 103.8994956 Urban park 12.5 0 0 Medium No 5.85 
YSP Yishun Arboretum & Park  1.422399844 103.8426733 Urban park 10.5 1 0 Medium No 0.5 
IST Istana 1.305306747 103.8434871 Urban park 10 8 6 High Yes 0 
BRF Bedok Reservoir Forest  1.33922972 103.9200903 Urban park 5 0 0 Low No 8.3 
FC2 Fort Canning Park tx2 1.293299418 103.8463489 Urban park 5 0 0 Low No 0.96 
TPT Toa Payoh Town Park 1.330789067 103.8476808 Urban park 5 0 0 Medium No 3 
LSP Lower Seletar Reservoir Park 1.409960078 103.8320173 Urban park 2 0 0 Medium No 1.7 
SRC Southern Ridges connector 1.280116223 103.8052395 Urban park 1.5 0 0 High Yes 0.67 




Table 5.S2 Identified (n=9) and probable (n=5) source populations for Common Birdwing (BW) and Common Rose (CR) in 
Singapore. Exact location of host plant at Windsor and Tengah Farm remain unknown 
 
S.No. Abbreviation (Site Code) 
Distance to other 
nearest source 
population 





abundance CR abundance 
  Identified source populations           
1 JBG–EVO 3.4 km (Istana) Jacob Ballas Children's Garden & BG Evolution Garden [combined] Urban park 117 24 59 
2 Istana (IST) 3.4 km (JBG) $ Urban park 96.5 11 15 Istana and Penang Road Open Space 
3 Ubin (UBH) 12km (SCC), 17km (Istana) Ubin Butterfly Hill Urban park 58 79 22 
4 DFN  4.9 km (Zoo) Dairy Farm Nature Forest & Park Forest 55.5 26 0 
5 NTU 5km (Tengah), 9.3 km (DFN) NTU and Jurong Eco Garden Urban park 42 14 3 
6 AHG–HOR 3.5 km (IMB) or 4.1km (JBCG) 
Alexandra Hospital Butterfly Garden & 
Hort Park [combined] Urban park 36.5 10 9 
7 Imbiah (IMB) 3.5 km (AHG) Imbiah Garden Private 30.5 11 1 
8 CLW 3.8 km (DFN), 3.9 km (JBG) Clementi Woods Forest 24.5 12 5 
9 Zoo 3.8 km (CLW), 4.9 km (DFN) Mandai zoo Private 15 8 4 
  Probable source populations           
10 Windsor (WNU) 4.2 km (JBG) Windsor estate (combined with site codes P25, F16, F21, F25) Private 156.5 5 2 
11 KTP 2.7km (SCC), 5.8 km (Zoo) Khoo Teck Puat Hospital Garden Private 130 2 15 
12 SCC 2.7km (KTP), 7.7 km (Zoo) Seletar Country Club Private 100.5 3 6 
13 VPC 3.5 km (CLW) Varsity Park Condo Garden Private 56 0 10 
14 Tengah (TFM) 5km (NTU), 7.3 km (Zoo) Tengah Farm Private 17.5 4 0 
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Table 5.S3 Months during which Common Birdwing and Common Rose caterpillars were spotted  
 




















Table 5.S4 Variation in temperature and relative humidity gradients across habitat types in Singapore. Each habitat had 
three localities in Bukit Timah, Mac Ritchie and Nee Soon area. The urban localities were between 200 m – 1.5 km from the forest 
edge. Temperature and relatively humidity readings were taken using Center 315 humidity-temperature meter every 50m on the 
transect on clear weather days between 1030 – 1400 hours  
 
Habitat type Temperature (°C) $
Relative 
humidity (%) $ Transect length (km) 
Time period 
(days) Months Mean SD   Mean SD   




4.4  12 Sep – Nov 2014 
 
Young secondary forest 29.1 1.1 $
77.7 7.6 
$
10.8  21 Sep – Nov 2014 
 
Urban (low-rise residential)  31.4 1.9 $
64.1 7.6 
$
10.8 18 Jun – Aug 2014 
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Table 5.S5 Habitat characteristics, host plant leaf count and the number of eggs 














Avg host plant 
leaf count in 
16 weeks 
Host plant 
leaf count in 
week 4 
1 urban 1 8 13.3 41 207 165 
2 urban 1 68 5.2 11 126 138 
3 urban 1 14 24.2 15 168 117 
4 urban 1 42 60.3 62 178 166 
5 urban 0 0 79.3 35 159 127 
6 urban 0 0 72.5 58 162 169 
7 urban 1 9 40.6 36 45 65 
8 urban 0 0 29.4 18 173 164 
9 urban 0 0 40.3 12 180 123 
10 urban 0 0 44.4 1 152 122 
11 urban 1 5 59.5 1 169 131 
12 urban 1 9 68.4 0 80 89 
13 urban 1 24 8.3 1 135 118 
14 urban 1 5 51.5 4 203 127 
15 forest 0 0 82.9 24 7 6 
16 forest 0 0 73.6 15 25 21 
17 forest 0 0 73.6 0 85 70 
18 forest 1 6 74.1 10 74 70 
19 forest 0 0 79 7 5 4 
20 forest 1 9 82.4 12 34 28 
21 forest 0 0 59.8 0 80 70 
22 forest 0 0 71.5 0 112 84 
23 forest 0 0 62.9 12 107 74 
24 forest 0 0 69.9 0 5 4 
25 forest 0 0 56.9 2 100 79 
26 forest 0 0 71.8 0 41 41 
27 forest 0 0 72.5 25 18 15 
28 forest 0 0 99 0 58 54 
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Table 5.S6 Abundance of invertebrate predators observed on the enrichment 
stations in urban and forest habitats in MacRitchie area  
 
Taxonomic group Order Abundance of predators Urban Forest 
Spiders Araneae 23 13 
Ants Hymenoptera ~ 35  ~ 10 
Crickets & 
Grasshoppers Orthoptera 2 1 
Praying mantis Mantodea 2 0 
Unidentified Diptera 0 1 





Appendix 1.S1 Limitations with previous butterfly assessments  
Brook et al. (2003) used Khew & Neo (1997) dataset to calculate ‘recorded’ butterfly 
extinctions and Corbet & Pendlebury (1992) dataset to calculate ‘inferred’ (undetected) 
butterfly extinctions with the assumption that all lowland forest species from Peninsular 
Malaysia would be present in Singapore prior to 1819 and would thereby constitute the 
pristine butterfly fauna of Singapore. This assumption is most likely not true because – i) 
there is evidence of patchy butterfly distributions in Peninsular Malaysia (Corbet & 
Pendlebury 1992), ii) lack of variety of habitats in Singapore compared with Peninsular 
Malaysia meant naturally smaller diversity in Singapore than Peninsular Malaysia 
(Corlett 1992) and iii) some extant butterfly species in Singapore have different 
subspecies (sometimes endemic) than subspecies of Peninsular Malaysia (see Corbet & 
Pendlebury 1992). Also, the number of ‘recorded’ extinctions by Brook et al. (2003) was 
an overestimate because they used data from Khew & Neo (1997), which was based on 
field surveys spanning only 7 years (1990 – 1997) as opposed to historic checklists that 
classified extinctions based on sighting records for at least 30 years. Finally, Khew & 
Neo (1997) erroneously listed 381 species as the number of species ever recorded from 
Singapore and missed 52 species that were already reported extinct by Corbet & 





Appendix 1.S2 List of references used in Table 1.S1 other than those listed in 
Bibliography in the main text. (All electronic references were accessed on 31 October 
2015) 
 
BC 2007a: Sighting of Painted Lady  
http://butterflycircle.blogspot.sg/2007/12/christmas-exclusive-singapores-own.html  
 
BC 2007b: Rediscovery of Green Oakblue  
http://butterflycircle.blogspot.sg/2007/11/as-of-end-of-oct-2007-singapore.html  
 
BC 2008a: Record of No Brand Grass Yellow 
http://butterflycircle.blogspot.sg/2008/04/return-of-no-brand-grass-yellow.html  
 
BC 2008b: Sighting of Indian Red Admiral 
http://butterflycircle.blogspot.sg/2008/12/another-exotic-visitor-reaches.html  
 
BC 2008c: Life history of Ancyra Blue  
http://butterflycircle.blogspot.sg/2008/11/life-history-of-ancyra-blue.html  
 
BC 2008d: Voyage of Tawny Coster  
http://butterflycircle.blogspot.sg/2008/03/voyage-of-tawny-coster.html  
 
BC 2008e: Rediscovery of Sylhet Oakblue 
http://butterflycircle.blogspot.sg/2008/04/butterflycircle-re-discovers-sylhet.html  
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Appendix 2.S1 Site description for chapter 2  
Singapore, which lost most of its primary forest in the 19th and early 20th century, has 
the core of its remaining forest reserves in the Central Catchment and Bukit Timah 
forests (4.3% land area, 3043 hectares, Yee et a. 2011). These reserves include all 
of Singapore’s mature forest cover including primary lowland dipterocarp forest, 
freshwater swamp forest and old growth secondary forest, which comprise 2% ot the 
total land area (Yee et al. 2011) and are home to a disproportionate amount of 
threatened butterfly species (Khew 1997). Young secondary forest (19.64% land 
area), scrubland (5.92% land area) and mangrove forests (0.9% land area) form 
Singapore’s degraded fragmented forest landscape, while managed vegetation 
consisting of parks, gardens, turf and golf courses (27.45% of land area) make up the 
island’s urban isolated greenery (Yee et al. 2011).  
  
Appendix 2.S2 Description of threat class of butterfly species  
Threat class was based on the Singapore Red Data Book (Davison et al. 2008). , i.e. 
critically endangered (CR), endangered (EN) or  vulnerable (VU) for threatened 
species and data deficient (DD). Species previously thought to be extinct but which 
have been rediscovered since 2008 were classified as threatened. Notably, threat 
assessments in Singapore’s Red Data Book were based on its authors’ expert 
classification instead of the IUCN definitions, because of the small size of Singapore 
and lack of adequate butterfly population data. Moreover, those authors suggested 
that DD listed species will be upgraded to threatened in the next assessment (Khew 
S. K., personal communications). Hence, DD species were considered as threatened 







Figure 2.S1 Site map showing 22 sites in Singapore used in chapter 2. Each site 








Figure 2.S2 Slopes of the regression lines across habitat types for Figure 2.2 in 
main text – a) mean species richness vs. site area b) mean site abundance vs. site 







Figure 3.S1 Sixty two sampling sites from Singapore for the nectar study in 






Figure 3.S2 Non-metric multidimensional scaling (NMDS) plots of 62 sites based on Bray-Curtis dissimilarity in chapter 3. 
Sites were classified according to the presence and absence of (a) flower species (b) butterfly species. F and U represent forested 







Figure 5.S1 Study species in chapter 5 – a) Common Birdwing (Troides helena 
cerberus) and b) Common Rose (Pachilopta aristolochiae asteris) and c) A mature host 





Figure 5.S2 Survey locations for Common Birdwing and Common Rose butterflies 
and their host plant Aristolochia acuminata across three habitat types in 
Singapore. Due to lack of space, adjacent locations were marked as a single location in 





Figure 5.S3 Top: Freshly deployed host plant pots in degraded forest of Bukit Brown 
Cemetery; Bottom: Common Rose ovipositing on experimental host plant station at 





Figure 5.S4 Common Rose life cycle stages recorded during the enrichment 
experiment – 1) egg (typically laid singly), 2) 1st instar (3.8 mm), 3) 2nd instar (8.9 mm), 
4) 3rd instar (19.1 mm), 5) 4th instar (34.2 mm), 6) 5th instar ringbarking, 7) pre-pupa 
(25.4mm); 8) pupa (25mm) and 9) remnant of the same pupa indicating successful adult 





Figure 5.S5 Average abundance and average survey effort at each location as a 
function of distance from source populations – (a) and (c) for Common Birdwing;  (b) 





Figure 5.S6 Comparison of the number of leaves (host plant abundance) at week 4 between utilized and non-utilized enrichment 
stations across – (a) urban and forest habitats combined (b) urban habitat only and (c) forest habitat only    
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